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Chapter 1

Spacecraft Charging Effects

Spacecraft surface charging is the buildup of net electric charge-and therefore an
electrostatic potential-on the external surfaces of a spacecraft due to incident particles
with energies in the kilo-electron volt to tens of kilo-electron volts range. A
geosynchronous spacecraft charges when the vehicle encounters a region of enhanced
plasma associated with a magnetospheric substorm. These enhanced plasma "clouds"
have typical particle energies of I to 50 keV. Large. low-altitude, polar-orbiting
spacecraft charge when they pass through regions of auroral activity. Smaller spacecraft
in low-altitude, polar orbits, can charge due to multibody interactions, if they are near a
larger spacecraft while passing through an aurora.

Two types of spacecraft charging are of concern. Absolute charging is the development
of a potential of the spacecraft frame relative to the surrounding space plasma.
Differential charging is the change in the potential of one part of the spacecraft with
respect to another. Differential charging may produce strong local electrical field, that
can give rise to discharges.

Spacecraft in geosynchronous orbit charge up to tens of kilovolts. The SCATHA
satellite demonstrated that differential surface charging on spacecraft during substorms is
associated with discharges and operational anomalies. In one event, potential differences
of mum than 9.5 kV were measured on the satellite [Koons et al., 19881, At the same
time, 29 pulses were detected by the Transient Pulse Monitor. Seventeen of the pulses
exceeded the maximum instrument level of 7.4 V. Coincident with the discharges were
three anomalies including a two minute loss of data. A survey of nine years of SCATHA
data shows a correlation between the current of particles with energies in the tens of
kilovolts, the development of surface differential potentials in excess of 100 V. and
electrostatic discharges (Koons and Gorney, 19911.

A few severe charging events have been observed in the auroral region. During 1983,
instruments on board the Defense Meteorological Satellite 7 (DMSP 7) observed an
absolute potential of -800 V [Gussenhoven et al., 19851. Since then a few events with
higher potentials-up to -1.2 kV-have been observed. No anomalies have been
associated with any of the observed charging events. However, theory predicts that the
larger spacecraft of the future will develop even higher potentials.

Multibody interactions can cause or enhance surface charging if two electrically
isolated spacecraft, such as the shuttle and an astronaut during extra-vehicular activity
(EVA). arc near each other while in a high energy (keV) plasma. Since multiple
spacecraft have only been flown in low equatorial orbils (LF`()) where high energy



particles do not occur naturally, charging due to multibody interactions has not been
observed.

As shown in Figure 1. surface charging causes problems for operational spacecraft.
Differential charging can lead to significant potential differences between adjacent
surfaces, which can lead to discharges. The discharges are rapid pulses typically of many
amperes for nanoseconds to microseconds. A primary effect is the occurrence of
electronic switching anomalies, which can be triggered by differential charging related
discharges. The discharge induced transients can cause system failures and, potentially.
material damage. A more common anomaly is a phantom command, requiring
intervention from the ground, and possibly resulting in loss of data and/or expendables,
thus shortening the operational lifetime of the spacecraft.

METALLIC BODY INSLAIN

*• •GLASS

COVERED

CELLS
°" " " fPROTECTIVE

136114IN EA~OOED

\ANTENNA
""ATI CAN HAVE

V 6TECTOR EMI FROM

Figure I. The effects of spacecraft surface charging include EML surface degradalton. and
conitamination troa discharges. disruption of patick mnsurenienis. and enhanced attractlon
of conlaininaling ions.

Surface charging can cause increased levels of contamination, resulting in changes in
%urface characteristics. Spacecraft surface charging can enhance contamination in two
ways. First, charged contaminants are attracted to oppositely charged surftaces. Stme of
the contaminants that would otherwise drift away from the spacecraft are attracted to the
charged surfaces and impact at higher energies where chemical bonding is enhanced.
Second. the material expelled during a discharge can be deposited on other surfaces.

Contamination on surfamces with special properties•, such as lenses. can destroy the
special prroperties, Higher temperatures may result from altered surface topical prpertie".
Charging characteristics may change due it) changes in secondary and photoeectron
yields. Deposition of dielectric contaminants can also change surface conductivity.

And finally.,asuface charging on spaecraft can bias pla.,wa mea.urcmntms of the space
environment.

The extent to which these effects interfere with the spacecraft mi.,oion varies from
spacecraft to spacecraft and charging episode to charging epioded, It was in the early
1970s that saIcecraft hegtto to experience anomalies, and in one ca.w failure, that
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appeared to be spacecraft charging related [Stevens et al., 19871. The early 1970s is when
computer-level logic in electronics subsystems was first introduced. The more sensitive
electronics could be upset by transients that did not affect the electronics on earlier
spacecraft. As electronics become more sensitive, precautions become more important.

The process of charge accumulation on spacecraft surfaces is understood, and
techniques have been developed to minimize the associated problems. NASA developed
the Design Guidelines for Assessing and Controlling Spacecraft Charging Ej)ects. which
describes the understanding of the problem at that time and suggests techniques to avoid
problems associated with spacecraft surface charging [Purvis et al., 19841. Computer
codes have been developed to assist designers in the design of spacecraft with minimal
surface charging effects.

The first line of defense against differential charging is minimization of the area of
surfaces that are insulators or floating conductors. This localizes the problem and reduces
the amount of charge that can be rapidly discharged. (Sometimes the potential differences
are larger when the areas are smaller, but the total charge arid energy stored is smaller.)
Careful attention to the design of the parts of the spacecraft where discharges are
expected reduces the risk further. Shielding and filtering protect the circuitry from the
EMI resulting from any remaining rapid discharging.

For some applications, the reduction of surface charging (both differential and
absolute) either by using surface materials with high secondary electron emission, passive
charge control, or by using a plasma emitter, active charge control, is necessary.

Over the past 10 years, concern has arisen regarding charging on low-altitude, polar
orbiting spacecraft due to auroral precipitation. The 2 in DMSP spacecraft has been
observed to charge to -1.2 kV and a 10 m spacecraft could charge to -10 kV. Auroral
charging differs from geosynchronous charging in that charging currents tend to be much
higher, the vehicle is in a charging environment for only seconds, and the charging rate
and the potential reached depend on the vehicle size. In addition, 2-body and wake effects
can become important, and differential charging between vehicles such as a shuttle and an
astronaut during extra-vehicular activity (EVA) is of concern. The assessment of a low-
altitude, polar orbiting spacecraft design for possible charging-related problems requires
the consideration of more complicated interactions and the use of different computational
tools and environments than for geosynchronous spacecraft. In addition, low-altitude,
polar orbiting spacecraft need to work well while in the equatorial regions.

The work of the early 1980s, which provides spacecraft designers with tools to reduce
the number and severity of surface charging associated anomalies, leaves some questions
unanswered. With the miniaturization of components, modern spacecraft are more
vulnerable to EMI, so stricter requirements are needed.

This handbook was developed to address some of these concerns. It addresses auroral
* charging and provides updated information on geosynchronous charging when available.

This handbook focuses on verification. Examples are provided of (I) calculational
techniques to evaluate the expected effects of a spacecraft design and (2) experimental
techniques to test immunity to spacecraft surface charging effects,

Chapter 2 is a review of the scientific issues of concern in spacecraft surface charging,
Chapter 3 describes the componenls of u spacecraft surface charging control plan,

3



Chapter 4 summarizes the techniques used to avoid spacecraft surface charging problems.
Chapters 5 and 6 provide the heart of this handbook. Chapter 5 provides step-by-step
analyses of four different spacecraft. The computer files needed to perform part of theanalyses are in Appendix C. Chapter 6 describes the types of experimental tests that may
be needed and some of the pitfalls that may be encountered. Appendix A is a general
discussion of the environments found in the geosynchronous and auroral region.
Appendix B is a discussion of the surface material properties that can affect surf-aces.
Appendix D is an example of analysis done in connection with discharge testing.
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Chapter 2

Review of Spacecraft Charging

2.1 The Spacecraft as a Floating Probe

One way to understand the physics of spacecraft charging is to think of a spacecraft as
a Langmuir probe in its local, ionospheric plasma. The Langmuir probe is the most basic
instrument used in laboratory plasma experiments. It is used to measure the density and
temperature of a plasma. Typically. it is a small metal sphere or long wire whose
potential is swept through a limited range of voltages while the current to the probe is
measured. The current is due to charged paiticles from the plasma impinging upon the
sphere. When the sphere potential is very positive compared to the kinetic energy of the
plasma, only electrons are collected. When the sphere potential is very negative, only ions
are collected. Between these two extremes, there is a potential at which the ion current
exactly balances the electron current, so that the current to the sphere is exactly zero. This
potential, at which the net current is zero, is called the floating potential. Because, at a
given energy, electrons move rapidly compared with ions, the floating potential is
normally negative a few times the plasma kinetic energy. If the wire to a probe is cut, the
probe rapidly achieves the floating potential.
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0 [hnpob sve rypositve,
e it only attracts electrons.

e
S When probe is very negative,

it only attracts ions

(Z) At some potential, the probe
e attracts an equal number ofI Ifthe ire s cu, |electrons and ions.

I f h iei cut,
the probe adjusts to
the floating potential

'igure 2. A Langmuir probe attracts electrons and/or ions from the surrounding plasma depending on its
poteitti,.. The floauting potential is the potential at which no net current flows.

In space, since there is no way for a continuous current to flow, the plasma particles
rapidly charge thc spacecraft to a few times the electron energy. The difference between
the laboratory Langmuir probe and a spacecraft immersed in a magnetospheric substorin
or an aurora is that the electron energies are a few volts in the laboratory and can be tens
of thousands of volts in space. Laboratory floating potentials are typically negative a few
volts, in space, potentials as high as -19 kV have been observed [Whipple, 19811.

There are two models of current collection from a plasma. They are referred to as
orbit-limited and space-charged-limited. Orbit-limited current collection is appropriate
when (he potential has a range larger than the largest impact parameter and is sufficiently
well behaved so that no angular momentum barriers exist. Potentials that vary more
slowly than with the inverse of the radius squared satisfy these conditions. At
geo.synchronous orbit, the plhsma is so dilute that little shielding occurs and the
,pacccraft potential drops roughly as the inverse of the radius, At lower altitudes, where

6



the plasma is denser, current collection is space-charge-limited. The space charge of the
attracted particles shields the attracting potential and thus limits the range of the potential.

Figure 3 illustrates orbit-limited current collection. In a high energy, low density
plasma, the electron current exceeds the ion current and the vehicle charges negatively.
As the potential becomes negative, the electron current diminishes because not all the
electrons have the energy to overcome the potential. If the plasma has roughly a
Maxwellian distribution of energies, the electron current decreases exponentially with the
negative potential.

For a Maxwellian Plasma: -

density 0 temperature Vthi

Repelled Species Is Energy-Limited:
Ie =tIe for electrons

Attracted Species Is Angular vt
Momentum-Limited: bl v

( for ionli li -•"i=ob =10 v

-t. ,Ial For Current Balance: -a VthO )

0_= 11 = -1 I

Lei Me •i .. _ ..

Figure 3. Orbit-lirnited collection of ions based on canscrvation of angular momentum.

Additional ions are attracted to the spacecraft as the potenti•l becomes more negative.
For the very low density plasma in the magnetosphere, angular momentum limits the
collection of ions. The maximum impact parameter from which ions are collected is that
for which the ion's collected velocity must be tangent to the spacecraft to conserve
energy.

The balancing of ion and electron currents predicts a floating potential on the order of
a few times the plasma temperature. Since the electron current diminishes exponentially
and the ion current increases linearly, the principal effect of the potential is to decrease
the electron current.

Figure 4 illust-,tes space-charge-limited current collection. Current collection by a
spacecraft in a plasma with a Debye length of the order of the spacecraft size is space-
charge-limited. As the spacecraft charges negative, the additional ions collected shield
and thus limit the range of the potential. To model spacecraft charging in an ionospheric
plasma with densities greater than about 10' nti, space-charge-limited collection models
should be used.
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For A Maxwellian Plasma:

density 0 = temperature
j ~ ~~~ReplUed Species Is Energy-Limited:...• ( ' a

le= e'e for electrons

Attracted Species Is Space-Charge-Limited

(~2
ii =Ie, for ions

Where The Function f Has The Umits rs= f no,0 a,

At rhe Floating Potential: ''". ..... *. *•"• " '• "" .....)a 
03/•/ _7o E: f)171 1

0 e eroa

Figure 4. Space-chauge-lirnited collection of ions.

2.2 Charging Environments

Two regions, geosynchronous altitudes and the auroral regions, have plasma
conditions where the plasma ei:ergy is high enough to charge spacecraft to kilovolts or
higher. Figure 14 shows where these regions are located with respect to Earth's size and
the radiation belts. At geosynchronous altitudes, spacecraft charge when enveloped in a
"plasma cloud" injected during a magnetic substorm. These plasma clouds have particle
densities of the order 10•' to 107 m-' and energies of I to 50 keV. For calculational
purposes, measured fluxes can usually be fit by a Maxwellian or 2-Maxwellian
distribution function. Under quiet plasma conditions, particle densities are of the order
I 0' m'" with energies of the order I eV. Substorms typically occur every few hours, so the
conditions for tens of kilovolt charging at geosynchronous orbit occur frequently.
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Auroral Region

Magnetopause

Shock Front Geosynchronous Altitudes

Figure 5. There are two regions where the electron energies can Ne kilovolts to tens of kilovolts.

The energetic electrons that charge low-altitude, polar-orbiting spacecraft in the
auroral region are those that generate the aurora borealis. While of similar origin to
substorn, electrons in the magnetosphere, the auroral electron fluxes can be as inuch as a
hundred times as, intense. Some of the enhanced intensity comes from the convergence of
the magnetic field lines as they approach Earth's poies. Measured fluxes can b, fit well
using the analytical form suggested by Fontheim et al. [ 1982].

Severe environments that car be used for design calculations are in Table I [Cooke,
private communication; Cooke et al., 1985; Purvis et al., 1984]. A more detailed
discussion of the plasma environment experienced by spacecraft is in Appendix A.
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Table I.
Severe Charging Environments

Geosynchronous Substorm (Maxwellian for each species)

Electron number density 1. 12 x 106 m'3

Electron temperature 12 keV

Ion number density 2.36 x 10' M3

Ion temperature 29.5 keV

Ion species Hydrogen

Auroral (Cold Single Maxwellian for both species and Fontheim Electrons)

Ion and cold electron number density 3.55 x 10 m'3

Ion and cold electron temperature 0.2 eV

Ion species Oxygen
Energetic Maxwellian coefficient 6 x 10' mr3

Energetic Maxwellian temperature 8 keV

Power law coefficient 3 x l(0l m

Power law exponent 1.1

Power law cut offt low 50 eV

Power law cut off, high 1.6 x 1)W eV

Gaussian coefficient 4 x 10' n

Gaussian centered about 24 keV

Gaussian width 16 keV

The environment to which spacecraft are exposed consists of more than the plasma
environment. Neutral particles, electromagnetic radiation from the sun, high energy
charged particles, debris, and meteoroids all affect spacecraft. The atomic oxygen found
at low altitudes can erode surface materials and affect the charging characteristics.
Incident sunlight generates a photocurrent. Ultraviolet light can change surface
characteristics. High energy charged particles can deposit charge in insulators. This deep
charging can interact with surface charging to generate discharges that would not occur if
charge had not been deposited by both mechanisms. [Garrett et al., 1990] Debris and
meteoroids erode surface coating. Atomic oxygen, debris, and meteoroids have densities
of concern only at the lower altitudes.

2.3 Charging Currents

Spacecraft are designed for purposes other than acting as plasma probes.
Consequently, the interpretation and prediction of the spacecraft potential are
complicated due to the complex geometry, multiple surface materials, and the absence of
an easily accessible reference ground. Each insulating spacecraft surface interacts
separately with the plasma and is capacitively and resistively coupled to the frame and
other surfaces. Rather than a single floating potential, there can be a different one
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associated with each surface. Computing surface potentials for a spacecraft is a
considerably more complex problem than computing the potential on a conducting,
spherical probe.

As shown in Figure 6, currents other than incident electrons and ions should be
included. Kilovolt electrons generate secondary electrons and can be backscattered
(reflected) from surfaces. Kilovolt ions also generate secondary electrons. The current
density of low-energy electrons generated by solar UV emission is much greater than the
natural charging currents. Because of this, most absolute spacecraft charging has been
observed during eclipse, when the spacecraft is in the shadow of the Earth.

'• •. Ions

•'"'.Photons

Secondary, Backscattered,
Photo Electrons

Figure 6. Several currents contribute to the net current to a spacecraft surface.

At equilibrium, each spacecraft surface is at a potential such that the net current to the
surface is zero. The net current to each surface is

INFT = IF - I'l. - I1, - lI - Isl - It, - I1(1

where the symbols have the following meanings.

I. Electron current to surface
I, Ion current to surface
i31 Secondary electron current due to IH
Ist Secondary electron current due to I1
iH Backscattered electron current due to !.
lp Photoelectron current
I1 Current to adjacent or underlying surfaces.

Each of these currents is a function of the spacecraft geometry and velocity and the
plasma conditions.

To get a ftel for each of the terms in this equation consider the current to a negatively
charged isolated sphere in a Maxwellian plasma in the orbit-limited current collection
regime. The electron current is given by
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1, =en e+/ (2)

where e is the electron charge, n is the plasma density, 0 is the plasma temperature, me is
the electron mass, and 0 is the surface potential. The ion current is given by

l1=en mI -- (3)

where mi is the ion mass.

The interactions of the incident electrons and ions with the spacecraft surfaces have a
profound effect on floating potentials. The most important process is secondary electron
emission [Katz et al., 1986]. Because secondary electron yields are so high for many
surface materials, the spacecraft floating potential is often positive! As seen in Figure 7,
for electrons with energies between 50 eV and 2 kV, more than one secondary electron is
emitted for every incident electron from a material such as kapton. This results in a
positive charging current. Only when the electron energies exceed several thousand volts
does the spacecraft charge negatively. Backscatter yields are less than unity and vary little
with energy. Ion-generated-secondary electrons enhance the ion current and act to reduce
absolute charging levels.

-- --- E. Secondary 6 Backscatter 1.-- Secondary

4-e

2.-

0.01 0.1 1 10 100

Energy (keV)

Figure 7. Electron -generated-secondury electron yield, haekscutter yield. aind proton-gencrated-
,wcondary electron yield f'or kupton.

The photoelectron current for sunlit surfaces is of the order of 2-4 x 10 -' A n1* for
most spacecraft surfaces, The current to the unde'rlying and adjacent surfaces depends on
the surface and bulk conductivities and the geometry.

The computer code Matchg was used to compute the various contributions to the
current to both a kapton sphere and a silver sphere immnerssed in the severe substorin
environment. The currents are shown in Figures 8 and 9. (See Appendix C. Section C.1
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for additional information on these calculations.) As the net current to the kapton sphere
is zero at -22 kV, the floating potential is -22 kV. As is shown in Figure 8, at low applied
potential, the electron current, which drives the charging, is 3 x I06 A m"-, half of which
is immediately canceled by secondaries and backscattered electrons. As silver generates
more secondary and backscattered electrons, the silver sphere's equilibrium potential is
lower. Ion-generated-secondary electrons effectively triple the incident ion current.
Because of the secondaries and backscattered electrons, current balance is effected
equally by diminishing the electron and increasing the ion currents. Because the incident
electron spectrum remains Maxwellian, electron-generated secondaries and backscattered
electrons remain a constant fraction of the incident current as the spacecraft charges. The
ion-generated secondaries increase compared with the incident ion current because the
energy of the ions increases as the spacecraft potential becomes more negative. Ion-
generated-secondary electron yields peak for ion energies of several tens of kilovolts.

0 ",- JTOT

--- JE
IE
<* -6 JSECE

-a--- JSSCAT

C.

.3- -JSECI

-4 -. '

-30 -20 -10 0

Potential (kV)

Figure 8. Current versus voltage for a kapion sphere in a sevcre subtorm environmenh. The floating
potential is -22 kV.
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Figure 9. Current versus voltage for a silver sphere in a severe substorm environment. The floating
potential is -5.8 kVM

The different conditions of substorms and aurora means that the important
contributions to the net current in these two regions are different. Figures 8 and 9 show
that charging of geosynchronous spacecraft is dominated by the balance of the incident
electron current with the secondary electrons (from incident electrons and ions). Figure
10 shows the current versus voltage for the various currents that contribute to the
charging of a I--meter kapton sphere moving at mach 8 (orbital velocity in low-Earth
orbit) in the severe auroral environment. The dominant currents are the space-charge-
limited ram ions and the incident electrons. Figure I I illustrates the difference between
these two regimes. Charging of large objects in low-altitude, polar orbit is detennined by
the balance of the net auroral flux and the space-charge-limited ion flux. These spacecraft
leave a substantial ion depleted wake. The lower ion density in the wake region means
less ions are available to neutralize the built-up negative charge. The comparison (shown
in Table 2) between the potentials calculated ignoring space charge with tho.s calculated
including it show more than an order of magnitude difference. The space-charge-limited
result agrees with observation. (See Appendix C. Section C.2 for additional information
on these calculations.)
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Figure 10. Current vcrsus voltage for a 1-meter kupton sphere moving at much 8 in a severe auroral
environment. The floating potential is -23•) V.
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Table 2.
Equilibrium Potentials Calculated by suchgr

Orbit-limited Space-charge-limited

Sphere radius I m 10 m

Mach velocity O,(X) I 8 OX) I 8

Kapton -9 V -550 V -230 V -54(X) V -29(X) V

Silver -5 V -250 V -99 V -3100 V -160X) V

2.4 Differential Charging

The electrons associated with surface charging penetrate less than a micron into the
spacecraft skin. Because of this, surface coatings play a large role in determining
spacecraft potentials. While the time to achieve net current balance is very short. the
order of a millisecond. the time for each surface to achieve its own equilibrium potential
is thousands of times longer, The development of differences between the potentials of
different surfaces is referred to as differential charging.

Figure 12 shows mechanisms for the development of differential potentials. Different
materials have different equilibrium surface potentials becauw the secondary and
backscatter yield coefficients are different. This effect can lead to potential differences
between neighboring surfaces. The ground pt)tential of the spacecraft depends on the
average properties of the spacecraft surfaces. Each surface charges differently from
spacecraft ground. The difference between the surface potential of a dielectric and the
potential of dhw underlying conductor is another source of differential potenials,

\Secan wyEetrens

t . = a - - a - a1
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The rate of absolute charging is determined by the capacitance of the spacecraft to
infinity, while the rate oi differential charging is determined by (he capacitance of the
dielectric layer. The rate of change of the potential on a sphere is given by

d_ I I JR
-dt -4m. R,, k"T1 (4)

where I is the current to the sphere, J is the current density to the sphere surface, and R i,
the sphere radius. For a I-meter sphere and a net current of I pA mn,. the sphere begins to
charge at a rate of 100 kV s '. As the potential on the sphere increases. the net current
decreases, as can be seen in Figure 8. Therefoire. the charging rate decreases with lime.

The rate of change of the difl'rentv in potential across a dielectric layer is given by

dO Jd
dt r,, (5)

where d is the thicknes of the layer. A l100 gun layer (4 mil) with the Sautc incident
current density charges at a rate of I0 V s '. There•ore. differential charging takes place
10 times more slowly than absolute charging.

Figure 13 shows the equilibrium potential contours calculated by the computer code
Nasap of the NASCAPIGEO codes for a silver quai.-,phem of radius 3i5 n with a 5 r10
thick kapton coating over half of the surfaccs exposed to the severe substonr
envivrnment of Table 1. (Sme Appendix C. Section C3 for additional infounation on this
calculation.) The surface, with the kapron coating ame thow facing the bmotom, the left.
and the mar. IFigure 13 shows the time history of charging of thiin slh , In .econd the
entire sphere carges to -18 kVW After I V0 scondi (25 minuieo, a differetial poitential
of I kV has, dcevloped, By 100.Ot)0 s•nmd& (28 hours), the cquilibrium pote!nials. of
-22.5 kV on the katpi and -10.9 kV on the lvet mr rcacWhd A thinne k opan coahing
would Chg flower.
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Figure 13. A 3.5 In radius quasi-sphere. half kapton and half silver. exposed to 2 severe geosynchronous
environment develop% different potentials on the surfaces coained with different materials. The
contour levels are at I WV increments. T'he Lipton surfaces charge to -22.5 MV and the silver
surface% charge to -10.9 MV



Time (s)
10o3 0.1 10 lo 15 0

0-

4-

40

.25

The sauw spher in the severe aurorl cnivirwnownh cbagc% ximilarly. Figuie 1S %ihow%-
the equilibriumn potential contours calculated by the computer code ntertk of the IY)AR
codes for a 3.5 m radius silver qua.sie-phcrt with a kopton coating over half of the
surfaces ezpo-scd to the wevere aurural eirmetof Table I -(Seet Ap endiz C. Skittion
CA (or furher infonnasion on this calculation.) The s%'rttuce with the kapton coating Ure
those facin the b~oam, thse left, and the mrea Figure 16Aowl the time history of
chargSing of this- sphere In under a lwudrctdth of Aa seon the entire sphere charges it' -14A

MY In 13 secods. a diffeential potentvial of I WY has. developed, In 60 wecons (I
minute). the s-urfacesý have re=ched their equilibrium potentalW of -'2..8 WY for the kapona
surfaces an -1.0 kV Wtrthe Milvcrsusfns.(W sp~acenf ground?
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Figure 15. A 3.5 m radius quasi-sphere, half kapton and half silver, exposed to a severe auroral
environment develops different potentials on the surfaces coated with different materials. The
kapton surfaces charge to -2.8 kV, and the silver surfaces charge to -1.0 kV. The sheath
surface is marked with an "s."
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Figure 16. Time history of the potential of the quasi-sphere shown in Figure 15.

Photoelectron current densities are about 2-4 x 10' A m-2, typ-cally an order of
magnitude greater than incident electron currents, even before secondaries are takea into
account. As a result, in sunlight, high absolute potentials are rarely observed on
spacecraft. However, in an intense substorm, spacecraft surfaces st adowed from the sun
slowly charge to thousands of v6ltg negative, while the sunlit surfaces remain a few volts
positive. This process can lead to differential charging as illustrated in Figure 17. High
differential potentials can develop between shaded and unshaded dielectrics. And high
differential potentials can develop betweci shaded dielectrics and spacecraft ground. The
sun-shade interface, and the differential potentials, shifts location through the year. A sun
angle that does not cause a problem in one season can in another.

SunlightP oemi

hotenson

.4- +- . +- -

No photoemlsslon _
In shaded regions

Figure 17. Differential charging between shaded and unshaded surfaces in sunlight

Sunlight differential charging can lead to high spacecraft ground potentials when the
low energy photoelectroni can not escape from the spacecraft because of potential
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barriers [Fahleson, 1973; Mandell et al., 19781. Typically, the saddle point is driven by
the balance of photo and secondary electrons and has a height of a few volts. All the
surfaces then charge negative at a rate corresponding with differential charging, typically
a few hundred volts per minute. Figure 18 shows the development of a barrier and the
subsequent charging. Figure 19 shows the time history of the ground potential and the
surface potential on the sunlit and dark sides. The sunlit side starts out a few volts
positive. The dark side charges negatively. After a half second, the dark side is at -8 V
and the sunlit side at 3 V. A potential barrier of I V has developed. The potential barrier
grows until the photoelectrons cannot escape. Once the photoelectrons cannot escape, the
entire space charges. Sunlight charging is a multidimensional effect calculable only by
models that include the 3-dimensional geometry of real spacecraft.
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Figure 19. Time history of surface potentials and spacecraft ground on the sunlit kapton quasi-sphere.
Charging of spacecraft ground occurs on the differential charging time scale due to the
formation of a barrier. The final ground potential of -18 kV is reached after IW()0 s (17
minutes).

As illustrated in Figure 20, during aurora, low-altitude, polar-orbiting spacecraft can
develop differential potentials between the ram and wake sides of a spacecraft. The ram
side of the spacecraft has a much higher ion current than the wake side, which must pull
in the ions around the spacecraft. Figure 21 shows potential contours for a kapton quasi-
sphere of radius 3.5 m moving at mach 6.7. The ions reaching the wake side of the
spacecraft are attracted from the sheath edge. In this calculation a low potential region
develops on the wake side of the sphere due to the focusing of ions due to the high
symmetry. The ground potential is -650 V, the surfaces in the ram are at -I V, the
surfaces in the center of the wake side are at -1 (00 V, and the peak potential on the wake
side is -840 V. The same quasi-sphere with a mach velocity of 0 has an equilibrium
potential of-1.9 kV.
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Figure 20. During aurora on low-altitude, polar-orbiting spacecraft. differential potentials can develop
between the ram and wake sides of a spacecraft.
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Figure 21. Kapton qua'sl-sphere in an uuroral environment with a ram flux from the positive Z direction,
The ground potential is -644 V, the surfaces in the ram ar- at -1 V, and the highest potential
surfaces are at -850 V. The low potential region on the wake side of the sphere is due to the

* t~fcusing of the Ions due to the high symmnetry.
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I 'igure 221. Timne history of the surface potentials of' the kapton sphere shown in Figure 2 1.

Table 3 summarizes typical parameters of the geosynchronous and auroral pla-mias
relevant to surface charging.

Table 3.
Parameters Typical of Spacecraft Charging

___Quantity Magnetosphere Aurorul

Chbargjing pitisivin density ) tIn' W M,
Charging electron energy 1-30 keV 1-30 keV
Charging electron current IV)3 A rn 10-A m"

Photo current S x 10"A ma" 5 X 10" A mn"

Electron stopping distance 1 -10 x 10' m i - tox O' 10n

.o' I0.o., s

2.5 Multibody Charging

If two (or more) vehicles are involved, additional interactions may beconx., imnportant.
A smull vehicle near a large vehicle may charge even more than would k- expected
because the large vehicle accelerates the ions to higher cnergici. This interaction is
known as the multibody interaction in plusnuis (MW). This problem, illustrated in Figure
23. is sometimes known a,, the man-in -the -wake problem becauise it has been examined
carefully for the case of an extravehicular maneuvering unit (EMU) near the shuttle ini
low-altitude. polar orbit. [Hall et al.. 1987. Jongeward et al.. 19861 Auroral electrons
charge both the shuttle and the EMU. The shuttle collects. Ions front the rant current.'The
ambient density is high enough that collection is space-charge-limited. The EMU sees an
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ion current of ions accelerated by the shuttle. When exposed to the environment measured
by DMSP/F7 during an intense aurora on November 26, 1983, the shuttle will charge to
more than -3 kV. The EMU charges even more to pull in ions. Because of material
property differences, parts of the EMU charge to higher and lower potentials.

2Auroral

'W R,
ameIonsnsr

Potential

Figure 23. The charging of u small body near at large body is controlled by the balance of auroral
electroms andl ions accelerated by the potential ot the large bodly

2.6 Arcing

The primary mechanism by which charging disturbs spacecrafi is through discharges.
The rapid discharging of surfaces, or arcing, can disrupt operations. disturb
mewasuremients. damage instrwnvent%, or damuage spacerall surftaces. The miechanismi (or
triggering discharges is an active field of investigation, Measurements made in the
laboratory produce results that cannot be extrapolated it) on-orbit spacecraft. har of the
problem is the impossibility or adequately simulating the space environment. the
.spacecraft, and their resultant interaction. Somei examples of this inadequacy are the
breakdown thresholds, area scaling, and satellite rvsponse. ht is observed that in ipace.
discxharges occur on spacecraft when the, calculated and measured potentials and electric
fields are lower than those needed to generate dischargeq in typical electron beam.

*labonitory experimentsq. Measuremtent~s made on uniform. qmall dielectric ramples rind
that the, discharge current scales directly with the square roo of (he qample area ant i h
fraction of charge blown-off by the discharge is essentially constant for each dielectric
type (Balimain, 1 9791. Large sample measuremients that include lopped and butted seams

* of' materials present in real spacecraft thenntal control s-urfaces differ from the uniform,
smnall sample results jWilkenfeld ci al.. 19811. Analysýis or ground bawed dlicharge
ex'perimecnts on high voltage solar array% detcrmuined that the nicasured discharge, current
pulse was an artifact of the %sinutatiw.s process% and did not represent the real discharge
pulse (Stevens et al., 19901j.
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Even though the present understanding about dischages is not complete, there are
some well established data, plausible analytical treatments, and useful criteria that can be
employed in predicting the location and frequency of discharge. Flashover discharges
occur when a layer of neutral gas atoms that has been generated by electron stimulated
desorption, breaks down under the local electric field stresses caused by differential
potentials of spacecraft dielectrics [Grey, 1985; Hastings et al., 19891. This type of
discharge frequently occurs at the edge of a dielectric next to another surface, at cracks in
dielectrics exposing conductors underneath or at exposed conductor-cover cell interfaces
in solar arrays. The typical field strengtks required for flashover is 2 x 106 V m-i [Grey,
19851, which is an order of magnitude below that for dielectric breakdown

Breakdown of dielectrics also provides discharge paths for spacecraft dielectrics.
Dielectric breakdown results from the bulk failure of the dielectric material. Two of the
theories of dielectric breakdown are (I) that the energy stress produced by the charged
surface potentials exceed the binding energy of the molecules that make up the material.
causing rupture of the bonds and loss of the material. and (2) that field enhanced electron
emission provides electrons that generate cascades and heating until material vaporizes.
Dielectric failure most often occurs at imperfections or dielectric weak points. Dielectric
failure at an imperfection usually appears as a pinhole through the dielectric and is
referred to as punchthrough. Localized material breakdowns are also observed in trapped
charge layers of dielectrics about I pm below the dielectric surface. These bulk material
failures appear as channels or tunnels just below the dielectric surface and are
accompanied by surface damage where the channels penetrate the surface. The typical
field strength of dielectrics is 2 x 10' V n-t.

Blowoff is a large scale discharge phenomenon occurring at the surface of the
dielectric and sometimes extending over the entire vacuum-dielectric interface. Several
models have been proposed for the prinway mchanism that initiates blowofTdis-chargs.
One of the most promising is a recent surface discharge model by Stettner and DeWald
[1985). The essential idea of the Stettner-tMWald surface discharge todel iK that the
intens. electric fierd on the boundary of the charged and dischaged region of dielectic
wurfaces accelerates. ions into the surface. Ion-, with the neoesary velocity and angle to

the surface cause kinetic emi.i.tion of electmns r,,ulting in discharge of the surface, The
incident ions lso a•u sputtering of surface atoos and ions. Newly remted iou. are also
accelerated into the surface producing further dis&harge and movement of the
chargedischarge boundary further into the dieclctric's charged region. The initial ions for
the Stettncr-DeWald model "my come froin the ions in the ambient plama or ions
demOrbed by the incident electrons. A variation of the Steltner-I)eWald dicharge model
termed the localized plasma sheath model has been propoed by Krauss 119881 to
overcome some of the shoocoings of the ion su•facc dicharge sodel. The ion surfa
dis.harge model and variants are pmmising in thas they explain most of the obervcd
tcamuw of large salc dielectric di.sharges and arm -upported by recent kurface disharge

waurcments JLevy c1 al.. 1991 !. Unfortunately. a determination of their validily and
uwfulness for determining where and how oflen discharges blowoff di.wharge occur
rmquite further comical and expetimtatal wok.
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2.7 Coupling

The discharge process gives rise to replacement currents flowing on nearby conductors
such as the conductive layer on the underside of the dielectric. The replacement current
restores potential equilibrium in the dielectric as the surface is discharged. All discharge
processes can induce significant replacement current on nearby conductors as the charge
propagates across or away from the surface. For discharges from punchthrough and
flashover, the replacement currents are confined to the local area. Blowoff discharges
however produce replacement currents that can be global. The local effect of
punchthrough is illustrated by a small dipole model for the punchthrough arc whose
current as a function of the distance r from the discharge point is (Woods and Wenaas.
19&5]

I1 d-d (6)
r

where d is the dielectric thickness and lI, is the peak discharge current. Usually d is much
less than r for typical satellite system component dininions. The current amplitud fromi
discharges with local charge motion then faIls rapidly with distance from the point of
discharge. Thu, for sate!lite systeins. the prinmry replacement current •ource of intere•M
for dielectric discharges is that duc to blowoff disclharge• bccwA of its l•g area of
covera

29



Chapter 3

Spacecraft Surface Charging Effects
Protection Program

Each spacecraft program should have a Spacecraft Surface Charging Effects Protection
Program. This programn will take a differenz form for each project. The central point of
each Spacecraft Surface Charging Efkects Protection Program is that the phenome-non of
spacecraift surface charging iBust he considered along with all other physical phenomecna
relevant to the design arnd operation or the spacecraft

A good Spacecraft Surface Charging Effects Program i,.. a necessary coeaponent of
spaceraft design, comstruction, and operation to achieve the objectiives of the spa"ceraft
mission. Appropriate mneasure arc taken to reduce or eliminate Surface charging reated
effects that could interfere with the mission, Charging coniderations arm included in
every step of the design and construction process. The earlier in the design pmroces that
protection meaures arm included. the cheaper it Is to incorpoate them. Spacecrfts wifac
charging proection measures sometimes conflict with other design consierations. The
good Spacecrft Surface Charging Effects ProgrM insuresý that the"e potential conflicts
are identified 4ad resolved eary in the design proces, when is s still relaively cheap to
make -,ago

A good Spxcecraft Surface harging Effetas "mgrm continues. throghout the dcqig.
conorutwC1m. and dqployment of' a spaecraft. AM changes ar made in the ddsig, and as
comrtstction. progr"esse. s-pacecraft-chargiog-relatcd haeard can. be inadvertncly
IntrOdiod. Tho use of a good progrwt throughout the proces. lmfturcs that such hnwd%
we identlified and itivgating actions. aMV take. Di$cutS4.on of sacec*af swfatt charging
concernsA durn design teviews and a final expert csaunaiion am put of the coninuing

The basic of a good Spacecrft Surface Charging Effects. Proram arm (1) design and
build followAing general guidelivye tha insur, noo detrimental charging relatd effects. e)

* use analwysi to exAWmin all caception. (3) uwc testing to conifitm the analysis and iWrc
ta m~itigmatig mesures ate adequate, and (4) cotinue the progam through design
changmems. onuaion, and dcqAyneau.

34 Devel~op afkan

IV Cumn stp in any Wr"ec. front a parr airplan to a 'pac owtato, ik to de~velp a
plan. A compoonent of the -la f or a spaccraft prugnun ik the Spacecaft Surfce
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Charging Effects Protection Program Plan. The protection plan takes its lead from the
overall spacecraft program plan. The basic spacecraft mission, the various subobjectives.
the level of importance attached to each, the resources available, and the project
complexity determine the nature of the protection plan. The protection plan for a high
profile, large budget. complex spacecraft program will be a deliverable document that
calls for several reports, formal reviews, and extensive analysis and testing to confirm all
decisions. The protection plan for a low budget. piggyback mission will be an internal
document that calls for several informal reviews, few formal reviews, and analysis and
testing to the same levels of confidence that other phenomena are examined (unless the
mission is to study spacecraft charging or related effects.)

For all spacecraft programs. the Spacecraft Surface Charging Effects Protection
Program Plan should be a written document. To be effective, the protection plan must be
followed. If the original prowection plan becomnes unworkable during the program, the
protection plan must be amended so that it can be used, The protection plan specifies the
role of each of the patection program co"poxcnts and spWcfics about how each of the
conmonem s will be conmpeted.

32 Design and Build FODOWing General Guidelines

The first line of defenw against spaccoft wrfwe charging related probmts is to
design and build the spacecraft uung the known techniques of us-ng conductive
materials, grounding. %hielding, and filtering. ThsM techniques. and a few others. WrV
summamited .in Chapter 4 of this dcu•e, A detailed dicuson of the -basc design

techniqute to minimize wrtace charging effmcts i% in Chapter 3 of Design Gaidefnnr

3.3~e An,.l

Al! p""60"ion pmwi n 14icluik Xn anVaI• tI type Wa excat of anilyi4t. d
on the speciIc spOCcR MW its mitsio, The ption Progrpm r4= O induda&! =
aWulOt plan. An analysis 4iout he done ws each sthkr of the &itsign prmuct. The bulk of
the anayUis effotioud MM ocus on thowe aspect of the 4%paccfi k~&gn whos a rAdcoif
bet~-efn the idal d&egn from a Kurfac charging poi of view and the ie eAig for
anther coa ifitn needs to he made. A quavificWion of the ciw rik siplifiesf
the pvucof rtng ofltenativ WoMioA* or deciding ththa e ris 64 i% ac ble.

Chapxtr 3 jict&tsts thc various awsiets o an UWaalss pto~vwu and how to do the
bectisary cacukubton



3.4 Material Testing

Various properties of the surface materials used on spacecraft affect the surface
charging. These properties are the secondary emission yield, the backscautter yield, the
photoelectron yield, the conductivity (for insulating surfaces). the dielectric constant. and
the thickness. A discussion of these properties is in Appendix B.

The conductivity and thickness of insulating coatings may need to be measured to
confirm that the coating conforms to the general guidelines for surface materials,

Values for all of the properties for each nmaterial are needed to calculate the charging
characteristics oi a spacecraft. Literature values arc often available and data bases of
properties exist, (Many arc proprietary.) Whenever adequately accw'ate values are not
available from previous nmasuremnts, new measurements are nccded. Section 6.1 of this
document discusses how sonic of these nwasurentisus would bc performed. The testing
pla ni pat of the protecton program plan.

3.5 Groundiug-Costructinm Detailh and Testing

The continuity of she spacccraft ground depents in large part on construction
techmiques, and care in handling, Te mVthodt to be used to elctrically connect spacemt
components should be Vpccified a, part of the pruectioa program. Trmal blanketi aic
often coated with a conducting paint, This paint layer can be brittle. Ground continuity
often depetds on a %tmall contact area, The pmotectioa program should specify die
handin tcchtnque* to be used so inure ground continuity,

Testing is often neceatvry to insure that ground continuity is "ftabli.hed and
mWasintd. The testing p$a tk pats of At j-mrticon pnigram plan. A dcuWmo of she
naure of a gMouding tPLO t is 't Scion 6.3 of thi% dMuntU .

3.6 DbarpTndq

Usually. there arc one t utaeo l io on t, h oa IsN"sacemf whMre an-alyzs detmimne
da dischg might ocu Dw&hr tiaing mhld done for thee MiOO. The twing
plan is pau of she potction program plan. Secliom 64 of thik docurnatn dkuus&e,, the
tyVps of dis&Wmge smts avadabkz amn dis&cuss owe spm•ilc-r,,k in d"tail.

17 Desip Reviews

At eacubh tpacecrafl design review. h, statfus of the proection "r.rm and any
ch•rging comcn ,homld be included. ,cuvontation $ p c i surface c ging
seated alyusis and tesing &houl he inclued in rcquire eepwts and pmcsnwsatosw
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3.8 As Built Documentation

To evaluate an on-orbit anomaly to determine if it was caused by surface charging.
i-ecords of how the spacecraft was actually built are necessary. Generally, the actual
spacecraft construction differs from the original design in at least minor ways. Records of
all aspects of the space vehicle construction relevant to spacecraft surface charging
should be maintained by the manufacturer. These records include summaries of all the
protection program analyses. descriptions of all the tests, and all the test results. A
summary of the expert examination described below and phc.ograpbs of the space vehicle
including close ups of all instruments and booms. is part of these records, These records
should be kept for a. least five years after launch or a year after the end of the mission.
whichever is longer. Copies of these records should be available to anyone examining an
on-orbit anomaly.

3.9 Fxpert Examination

The space vehicle should be exaMined for p•uecraft surface charging chanictemisiks
as part of the preparati on for launch. Multiple examinations may be nwce.sy if ther arm
-several instrumenti that ate to be d"toyed on orbit. A written sunma•y of this
examination should be prpared.

3.10 Operational Guidelnes

Occasionally opemratioal guideliume are Upp(OPPat to the Mtinimltion of sw'face
chaqing related effects A rnwmtiw inotrumnt might be turned off when a wbu.orm ii
dMtected. fWsuch guiWlIne, ato contem~atcd. their effcTa on the %puctuft d&Ap *od
be considore CMrY in the &4ga~ PrOces.

3.11 &oito~r.ChaMtin

All qpceraft .hould include a devic to unvtor the lcv. ru' m and donsity of rh' .pace
plauw and the ucumt-ve of s•pac•cafkrfacc chautg, The information gainW froi
such moniloring nat only a'SSOt in the analysi; of arny anomalies tha occur, but aMW is
neckd for the dtemt•wion of the rk to future ip. a. "e Compac Envimomeonta
Aaaies Sen Ixpci soaw dactor s.em u4,•t de,,dopw z such a device

3.12 Anomaly An"dysbi

To inprove the design and conmction of futum ,pacecraft. anomalics that occur
hould canalyzed to doennine if uwf= charging is implicatl. The wr,4lts from ,such
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analyses should be made available to all those involved in the protection of spacecraft
from surface charging related effects.
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Chapter 4

Summary of Desirable Design Features

The first deftnse against spacecraft surface charging related problems is the spacecraft
design. The basic design techniques to minimize surface charging effects are described in
Chapter 3 of Design Guidelines for Assessing and Controlling Spacecraft Charging
1'ffecls [Purvis et al., 19841. They are summarized below in Section 4.1. Some other
commonly used and not so commonly used de.zign techniques are discussed in Section
4.2.

4.1 Standard Design Techniques to Minimize Surface Charging
Effects on Spacecraft

The primary method to reduce surface charging related problems is to make all exterior
surfaces conducting and ground them. In those instances where insulating surfaces or
ungrounded surfaces are needed, the area should be minimized. Grounded conducting
surfaces do not charge differentially with respect to each other and therefore discharges
(due to this mechanism) do not occur. On a well-grounded spacecraft, the remaining areas
of insulating or ungrounded surfaces may develop large differential potentials. Small
areas can only store a small amount of charge. A rapid discharge or arc releases only a
small amount of energy, causing less damage than a larger discharge.

All spacecraft conducting elements with surfaces exposed directly to the plasma
environment should be tied by an electrical grounding system so that the DC resistance
between any two points is less than or equal to 0. 1 Q.

All thin conducting surfaces exposed to the space plasma environment should be
electrically grounded to the common spacecraft structural ground so that the DC
resistance between the surface and the structure is less than or equal to 10 Q. A thin
conducting surface is a conductive coating on a dielectric with a thickness of less than 10
g jtm. Thin conducting surfaces include, but are not limited to, all metallized surfaces of
multilayer insulation thermal blankets, metallized dielectric materials in form of sheets,
strips, tapes, or tiles, conductive coatings, conductive paints, conductive adhesives, and

H i metallic grids or meshes.

The number of ground points on each thin conducting surface should follow the
following prescription:
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K Surface Area Number of Ground Points

Under 1.0 m2 2 or moret 1.0 to 4.0 m2  3 or more

Greater than 4.0 m2  I per M2

Additionally, any point on a thin conducting surface should be within I m of a
grounding point.

All exterior surfaces of th" spacecraft should be partially conductive. For a grounded
partially conductive coating over an insulating material, the surface resistivity should not
exceed 10" ohms per square. For partially conductive coating over a grounded conductor,
the thickness times the volume resistivity should not exceed 2 x 10W 1 cm 2.

Where it is impractical or undesirable to implement the above conductivity, thickness,
or grounding requirements, analysis, supporting by testing, should be used to insure that
spacecraft performance will not degrade below the specified capabilities.

The way to reduce the extraneous signals and potential damage to electronic
components from discharges is to provide shielding and filtering for all sensitive
components. The use of shielding and filtering increases the spacecraft weight. If the
desirability of shielding and filtering is considered in the original design process, it is less
likely that maintaining the continuous shield and including filters will conflict with other
requirements.

The basic spacecraft structure should be designed as a Faraday cage with a minimum
of openings. A Faraday cage is an electromagnetically shielded enclosure, here the
conductive metallic structure of the spacecraft. All electronic cables, circuits, and
components should be provided with EMI shielding to attenuate radiated fields of
frequencies from I MHz to 100 MHz from discharges by at least 40 db. The shielding can
be provided by the basic spacecraft structure, by enclosures of electronics boxes, and by
separate cable shielding. Analysis should be used to carefully examine any breaks in the
shielding to insure that the spacecraft performance will not be degraded below the
specified capabilities.

All circuits routed through the EMI shielding should be protected by electrical
filtering. The filter should be rated to withstand a peak transient voltage of 100 V and a
peak transient current of 200 A. The filtering criteria should be chosen to eliminate
discharge-induced upsets and not interfere with normal operations.

4.2 Other Design Techniques to Minimize Surface Charging
Effects on Spacecraft

Often it is desirable to have an insulating coating over some spacecraft surfaces. These
coatings differentially charge when exposed to a severe substorm or severe auroral
environment. If the coating is thin enough, the rate of differential charging is so slow that
the substorm is over before the potentials are high enough to trigger a discharge. For a
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geosynchronous spacecraft, 10 microns is usually thin enough. For low-altitude, polar-
orbiting spacecraft, less than 100 microns may be adequate.

The choice of surface material can reduce the severity of surface charging. Teflon has
a high secondary emission coefficient (maximum yield of 3) and therefore charges less
than kapton with a peak secondary emission coefficient of about 2.1. A spacecraft coated
with conducting paint with a high secondary emission coefficient charges less than one
coated with a paint with less secondary emission.

Sometimes it may be possible to make design decisions that minimize problems. The
choice of instruments or the choice of instrument locations can influence the likelihood of
differential charging and the impact of rapid discharges. An instrument sensitive to
contamination, such as an optical lens, should be placed away from any probable
discharge sites. Differential charging risks can be lessened by avoiding placing
instruments that have surfaces with dramatically different secondary emission properties
near each other.

On spacecraft where charge control is of particular concern, a plasma emitter such as
the Charge Control System can nearly eliminate charging.

3
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Chapter 5

Analysis

A central aspect of any good spacecraft protection program is analysis of any design
features that are likely to cause problems. Early in the design process, an assessment of
these problems needs to be made. As the design process proceeds, more detailed
modeling of the features that are likely to have an impact on the success of the mission is
needed. Numerous computer codes have been developed to help in this process. A good
analysis program integrates analytic models, computer models, and knowledge of the
spacecraft mission to determine if spacecraft surface charging effects will interfere with
the spacecraft mission.

Figure 24 graphically illustrates the analysis process. The questions in Figure 24 must
be asked of each surface of the spacecraft. Different parts of the process are more
important at different stages in the design process. Different people are usually involved
in the various determinations. The process can be used to examine the entire spacecraft, a
specific instrument, or a small region of concern.
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This chapter uses examples to illustrate how each of these questions might be
answered. The focus of the discussion is on those aspects of the analysis that are more

4 complex and less widely known. The examples are simplified, but the process is that used
in actual spacecraft charging analyses.

Often the most time-consuming part of an analysis is locatring information on the
design to be evaluated. The other major difficulty in analysis is thc determination of the

* appropriate way to model the various features of the spacecraft included in the examples
are some discussions of techniques used. In practice, each person doing analysis develops
techniques for the type of analysis she or he does. The discussion in this chapter is not a
substitute for experience, but can be a help to those wishing t(, expano their capabilities.

5.1. Determining the Amount of Charging Expected

Substorm frequency,

Figue 2. Te frststepin ny nalsisof he Ipac ofspaecrftdurfatienchargnd istr entreho;

, uu'uurface properties,

muchhging Charging models "eloc

.harW9 and by how much?

The frequency and extent to whicti a surface charges depends on the space
environment, the surface itself, anti the rest of the spacecraft. Four spacecraft are used
here to illustrate how this determination is made. The input and sometimes the input and
output to the computer pro~irazn wred in this analysis ame in Appendix C.

A full analysis of the frequency of charging requires a series of calculations for
different environmental condi'ions. Figure 14 of Purvis et al. [1984] provides the
frequency at which different en vironnments occur. If the specifications require a specific
potential or electric field to be less than a specific value 95% of the time and the
environment at the 95% occurrence level does not change the potential or electric field
more than the speoified value, the specificalion is satisfied.

The usual pt-utice for geosynchronous spacecraft is to examine charging for the 90th
percentile envir.-nment. (The severe suhstorm environment specified in Chapter 2.) This
environment rtlows the determination of regions of concern where mitigation may be
needed. If higtcr confidvcc levcLs arm needed. calculations can be done for more severc
environments.
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5.1.1 Spinning Geosynchronous Spacecraft in Eclipse-SCATHA

Figure 26. The SCATIA pacecraft.

For a sample calculation, we use the SCATHA (Spacecraft Charging At High
Altitudes) spacecraft. The SCATHA program and spacecraft are described in the
glossary.

Stannard et at. [ 1982] and Katz et al. [19831 describe the charging analysis of the
SCATHA spacecraft. A sketch of the SCATHA spacecraft is shown in Figure 26.

The first step in an analysis of the charging properties of this spacecraft is to examine
the charging of the individual surface materials. The SCATHA surfaces are modeled by
IS distinct exposed surface materials, each of which is specified by the values of 14
parameters. The surface materials are described in Table 4. When available,
experimentally measured values for para=nters were used" where this was not pos-ibl.
suitable estimates based on the properties, of similar materials were uw...
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Table 4.
Charging of SCATHA Spacecraft Materials

"Material Equilibrium Material Modeled by
Name Potential

(V)*

GOLD 0.338 Gold plate Gold
SOLAR -1821X) Solar cells, coated fused silica Solar cell coverslip

WHITEN -1230 Nonconducting white paint (STM Kapton with enhanced conductivity and
K792) a thickness appropriate to a paint.

SCREEN -27600 SC5 screen material Conducting surface that absorbs but does
not emit charged particles.

YELOWC -2120) Conducting yellow paint Kapton properties except conductor.
PDGOLD 0.453 88% gold plate with 12% Gold except used averaged properties of

conductive black paint (STM components for atomic number and
K748 in a polka dot pattern) secondary yield peak.

BLACKC -21200 Conductive black paint (STM Kapton properties except conductor.
K748)

KAPTON -208W Kapton Kapton
S102 -75.3 SiO, fabc Silicon dioxide with appropriate

thickness, enhanced conductivity, and
adjusted dielectric constant.

TEFLON -16900 Teflon Teflon
INDOX -18200 Indium oxide Indium oxide

YGOLDC -19900 Comndcting yellow paint (50%) Gold except used averaged properties of
gold (50%) components for atomic number and

secondary yield peak and electron range
paramrs ffrom Feldma's formula
with average density and atomic weight.

ALUMIN -22200 Aluminum plate Aluminum

BOMAT 0.124 Platinum banded kapton Gold except an insulator with enhanced
conductivity, average atomic number
(platinum and kapton), average
photoconductivity. The dielectric
constant and thickness for the boom
surfaces were chosen to reflect the
effecdiv capacitance to the underlying
ciale shiedkL

MLI2 -2D600 ML12-3 anId MLi2-4 srface Average of th properties of the several
nmtaerials on the MLI2 surfaces.

oThe back side of insulating materials ri assumed to be grounded.

Table 4 shows the potential each of the surface materials reaches in the severe
substorm environment. (See Appendix C for the Matdig execution used to determine the
charging.) The different materials charge from 0 to -28 kV. Most of the materials are
conducting- as long as they are properly grounded little differential charging will occur.

45



To examine the 3-dimensional charging effects. NASCAP/GEO is needed. Perspective
views of the model used in the calculations are shown in Figures 27. The NASCAP/GEO
computer codes are described in the glossary. The main body of the satellite is
represented as a right octagonal cylinder, with the aft cavity visible in the figure.
Typically, the first calculations are done with a model that reproduces the basic shape and
surface materials of the spacecraft. Models that focus on specific instruments or portions
of the spacecraft are used to evaluate specific concerns as they arise. The 11.5 cm grid
resolution allows the model to reproduce actual SCATHA geometrical features extremely
well, as shown in Table 5. Note in particular that the treatment of booms in
NASCAP/GEO allows the actual boom radii to be reproduced -.xactly. Monopole
boundary conditions are imposed on the edges of the outermost grid, which is a
rectangular prism of dimensions 12.8 x 12.8 x 25.6 m. The zone size increases by a factor
of 2 in each of the four successive grids. This doubling of zone size, plus the
requirements that booms parallel coordinate axes and intercept mesh points in all grids
effectively force any long booms to pass through the center of the innermost mesh.
Therefore, the model includes only the SC6. SCI I, and two SC2 booms with the
orientations fixed at Fight angles to one another. Experiments at the ends, of the SCATHA
booms were modeled as single boom segments whose radii ae chosen to rproduce the
exposed surface area of the actua experin .
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Tabme S.
Conpipaso of AcwzaJ SCATHA Geonssiacai Feabufts to 4-Grid NASCAAPRED Model

Zone Sire = 4.54 inch (1135 cm)

SCAThA model

Radius 33.6 liactas 32.0 inches

Hight8. 68.0
Solr stay height 29 27.2

Betlyband height 12.0 13.6
SC9-i espnimmn 9.2 x 6x8 93x.14i x9.I

5C6-1 boom 1.7 (vuijus) 1.7
tIBa(iengttf 113.2

Swfaeaumz 46 xt4$usq. m. 2A Ixt(0$tN. i

Sawnanmyvam I 1.23tx1041,1s Uxl10
Fouard sorfwacar J 36x 104$ 4,34 x 10

The mode) als includes -six distinct underlying conductors:- spacecraft gmond. the
Nferncnc bad and the fow ezpcuiymWta nmontings SC- 1. Sal2-2. MA6 1. and 5C6-2.
Each of these conducton can be sepurtey biased or (1o000d with resape t! spacraft
groud, and eachecoductor is- directly capacitively coupled to spacecrft ground The
values employed for these cpacitiv, coupling we Sittn in Tab" 6-. thes values- were
chose to reprsn the capwAcancc of dilctr ic space wrmaatlag the conductos, from
grout

Cafhxa CoVUpla Eauwkyd Wi& 4We SATHA Model

As OLA i Th pC waheao RtsnaW or1 mI teC igtq iao
SOARdim dcagogo teemte4 &-fl he_____I att odo

k"~~ ~ ~ bo"atvp oTeqachgmWdwhcxaux i b

ATSLAei them pn=mayry uface maita)w trheico mofl aw logng bomWcppcutics of

couple to spaecraft grond The sesocaging as dominate by the chargig



The potentials of interest are the equilibrium potentials. Thcefore the initial potentials
are chosen to he the expected equilibrium powntials. The S(C2 wnsorm mart at -21 kV and
the rest of the spacecraft starts at -18 kV. The results can be analyzed using Ternatalk
and Contours of the NASCAP/GEO cwnputer codes. Table 7 shows the surface
poIentiaus reached after 20 minutes.

T'k 7.
Surf=c Powuial on SCAlIIA afer 2) Minutes of Charging

Mlatrial (:onthJux-m Powwwil Rnd'd

GOLD I •I 1521(X
GOL) A, I .14.UX)

GOLD I 1 .4664

GOLD .6 .13900

SOLAR I j l* I

WMELO I .1-54u).

BLACKC 2 -I!l

BLACKC jŽW

ALUM W I -IlWim
ML12 I -I St)

11gure 28 ,howg; the varfiation in obc. polcmiut% of the €owdaorm. The vactc-ralt
teh W• cuililumn io I14 Wainsi. The = %mmn~r t-rw•h andy 23 WV. The pl•mm

Y)a"r gws to bdow 3 kV aud (h oihW cxovdd are ahl ab 14 to IS LV mgmive.
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Time (mrn)

0 5 10 15 20
0 .Ground

." --- ' SC2-1 sensor

,• -'- SC2-2 sensor

.0 ~'SC&-2 shieldB.,_. -'-- Plasma Maytie

-20 " -- Reference Band

-25

Fijtuc 28, Charging of thw SCATh4A uaWiw.

There are two type, of differential charging. There wre differential potentials between
the surface of an insulating surface and the underlying conductor. There- ar also potcntial
_ruOients along and between .urfaces. The highest electric fields internal to an insulator
(dtu to the first type of diferential charging) art within the kaptom surfaces below the
bdllyband. Their surfaces charge to -16.4 kV wtd tOw underlyingp conductor only rMach• s
-15,2 kVM The internal fieId ks -10' V m 'T 1"1%second type of differential Charging
"ocurs along the boorts. For mowt of the l•ngth of the boon. the high Kecondary
,emissio cwlfflent of BOMAT kccps the bom surfacs at the sa=e polvntiad, The 5C2

Sensons cha.e to -22.9 and generwte high fietdk at the ends of the boo-. The thermal
plauma anayzer might tern to be of mom concern because it only charge to -4,7 WV for
a diffaewnc of MS LV, Howver the analyzer is- fa efnouh f•ro the main body utm the
potential in the space kurnwnding the analyzer is ubot 4 LV. Pigure 29 shows the
conrMwr levels at the Z = I 7 plue (through the cerder of the 9rd). fCrom thi figure it i.
cleuar h d ehe high field region is near the cndos of the booms Thew two regio need to
b Cszufly eaned so dctenuinc ifIhy pr.. os any 6t .r to the qccrA fhis .
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Figure 29. Contours levels of the potential at the Z = 17 plane tor the SCATHA model. The booms are
not shown in the figure. The high field regions are at the end of the SC2 sensor boom:. The
thermal plasma analyzer boom extends to Y = --31. The SCI I sensor boom extends to
Y = +49.
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5.1.2 Three-axis Stabilized Geosynchronous Spacecraft in Sunlight

Figure 30. A typical 3-axis-stabilized spacecraft to be analyzed.

This spacecraft is cylindrical in shape and covered with kapton blankets. Second
surface mirrors on the sides are exposed. It has a large transparent antenna. It has two
large solar arrays, each about the same size as the spacecraft itself.

The spacecraft ground potential can reach high values in eclipse, but as discussed in
Chapter 2, sunlight charging can also create problems.

The first step in the analysis is to examine the charging of each surface material on its
own. The spacecraft is primarily covered with kapton blankets and paints with properties
similar to kapton. The solar array faces can be modeled as silicon dioxide, and the paint
on the solar array backs can be modeled as a lossy kapton. The large antenna is modeled
as silver. Table 8 shows the materials and the potential they reach in the dark as
calculated by Matchg. (Input and output files are in Appendix C.)
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Table 8.
Charging of Spacecraft Materials

SMaterial f Equilibrium Location on Spacecraft Modeled by

Name PotentialI (kV)*

KAP3TN -20.8 Bottom surface Kapton with higher surface
resistivity

LFALUM 0 Arms to solar arrays and antenna Kapton with higher conductivity

S 13GLO 0 UHF transmission antenna Nonconducting paint

FSLICA -5.84 Solar panel faces, second surface Silicon dioxide
mirrors on sides

BLKVEL 0 Solar panel backs Kapton with higher conductivity

SSMESH -5.77 Antcnna Silver

KAPITN -20.2 Base sides, solar array patches Kapton with higher surface
resistivity

KAP2TN -17.9 Top surface Kapton with higher surface
resistivity

EHFPRT -18.2 EHF patch Indium tin oxide

ALUM -22.2 UHF antenna, plume shield Aluminum
CPHENL -0.045 AKM nozzle Teflon with higher conductivity

I__ I Iand higher dielectric constant

*The back side of insulating materials is assumed to be grounded.

Photoemission generates enough current that if any large conducting grounded area is
exposed to sunlight, spacecraft ground remains near plasma ground. Here, the transparent
antenna is always oriented away from the earth and therefore partially exposed to the sun
whenever the spacecraft is not in eclipse. In all orientations, the transparent antenna
generates enough photoelectrons to keep the antenna and therefore the entire spacecraft
near plasma ground.

The solar panels always face the sun and remain near plasma ground. The solar panel
backs are painted with a material that does not differentially charge even in the dark.

The surfaces that develop the largest surface charging are the shaded kapton surfaces
on the top, bottom, and sides of the base. The second surface mirrors on the sides not
facing the sun also charge. The areas of concern are shaded.-unshaded kapton interfaces,
shaded kapton--conductor interfaces, and shaded kapton-second surface mirror interfaces.
To examine the charging behavior of this spacecraft in sunlight and look specifically at
these areas of concern a NASCAP/GEO simulation is needed.

The first step of a NASCAP/GEO simulation is to develop a representation of the
spacecraft suitable for the desired calculation. (See Appendix C for the input files used.)
The mesh size of 1.5 feet is chosen so that the entire spacecraft can fit within the 17 by 17
by 33 grid. The spacecraft body is represented by an octagon of radius 6 and height 4.
The second surface mirrors are represented by I by I patches on the sides of the octagon.
The actual mirrors are smaller in area than those of the model. The antenna is composed
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of ASLANTs and ATETs. The sides are steeper than the actual spacecraft, but the total
collecting area is similar. The arms and transmission antennas are composed of booms of
appropriate sizes. The solar arrays are modeled by thin plates. The cavity oi the bottom is
included in the model because this is an area where severe charging could occur. Other
features are represented by small surfaces in appropriate locations. Figure 31 shows the
final object from the sunward and anti-sunward directions. Figure 32 shows the surface
materials.

Figure 3!1. NASCAP/GEO riiodel of spacecraft from the sunward and anti-sunward directions.
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MATERIAL L5END SURFACE CELL MATERIAL COMPOSITION AS VIEWED FROM THE POSITIVE X DIRECTION
FOR XVALUES BETWEEN 1lAND 17
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Figure 32. Materials on the surface of the spacecraft as viewed from the +X direction.

Spacecraft ground does not charge significantly because the antenna keeps it near zero.
Therefore in the simulation, the charging sequence begins with no initial potential. Table
9 shows the potentials reached by the various materials after 20 minutes.

Table 9.
Surface Potentials After 20 Minutes of Sunlit Charging

Material Potential Reached
(V)

KAP3TN -6(XX)

LFALUM -208

S13GLO - 189 to -208

PSLICA -192 to -2930
BLKVEL -208

SSMESH -208

KAPITN -202 to -3270
KAP2TN -53 to -967

EHFPRT -208
ALUM -208
CPHENL -324

Figure 33 shows the charging rate of the shaded bottom of the spacecraft. After 20
minutes the kapton surfaces are continuing to charge. As the most severe portion of a
substorm does not last this long, this simulation period is long enough.
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Figure 33. Surface charging rate of the bottom of the spacecraft.

The potentials computed by NASCAPIGEO's Nascap can now be examined for
regions requiring further analysis. NASCAP/GEO's Termtalk and Contours codes give
the user the following information. The solar arrays and the antenna have potentials of
about -200 V. The potentials on the body vary from about -200 V on the top to about
-I kV at the bottom edge on the sunlit side. On the shaded side, the insulator potentials
are over -2.5 kV. Figure 34 is a contour plot of potentials at the Z = 14 points on the grid.
The 3 kV n-' electric field is at the sun-shade interface. The regions with the highest
electric fields are in the cavity area. Exposed metal at -200 V is adjacent to kapton at
-3 kV. Figure 35 shows the contour levels at the Z = 17 plane through the center of the
object. The high field within the cavity can be clearly seen.
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Figure 35. Pomential contoum at the Z = 17 plane.

If this amount of charging is a risk to the spacecraft mission, further calculations can
be done to quantify the problem more precisely.

Cavity charging can also occur on spinning spacecraft when the orientation with
respect to the sun is such that the cavity is always shaded.
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5.1.3 Polar-orbiting Spacecraft DMSP

Figure 36. DMSP spacecnft.

For a sample low-altitude. polar-orbiting spacecraft calculation, we us, the DMSP
spacecrft.

An analysis of the charging of the DMSP spacecraft was done by Cooke et al. [ 19891,
A sketch of the DMSP spacecraft is shown in Figure 36.

The DMSP spacecraft is roughly a cylinder that is about 4.5 in long and 0.9 m in
radius. The solar array is about 4 m by 2 m. The total surface area is about 45 square
meters. A sphere with the same surface area has a radius of 1.9 m. The body of the
spacemaft is covered with kapton and teflon thermal blankets.

The first step is to examine the charging of the materials in isolation. POLAR default
material properties are used for all the surface materials. Charging is examined ftr a
spamcecraft moving at 7.3 km s7' (mach velocity of 6.7). The sever auroral environimenl is
used. The potentials computed by sucbgr are shown in Table 10. (See Appendix C for
output file.)
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Table I0.
Charging of DMSP Surface Materials

Material Equilibrium Sheath Radius
Potential (m)

(V)*

SOLA 491.25 9.069

NPAI -541.25 9.39
GOLD -187.5 6.429

CPAI -641.25 10

TEF"L -528.75 9.312

AQUA -603.75 9.775

KAPT -641.25 10
ALUM -.W.25 9.545

SILV -294,18 7.519

-The back side of insulatg maeals is NOT

Most of the surface materials charge between -50W V and -650 V with a resulting
sheath radius of about 9 to 10 m. The gold and the silver charge much less than the other
awterials. As long as the metals are properly grounded to spaccraft ground, those
surfaces will not differentially charge, The largest diffeentials wre between the SOLA
and the KAPT. Since the SOLA is on fe Wa arays and the KAPT on the body. this
does not present a risk.

The next step is to do 3.dimcnsional calculations to examirw ran-wuke effects and
any other 34lmmsional effeczL' on charging. The POLAR womputr acods arc neeadd to
model such effecs. The POLAR odew s arm described in the glossary. The POLAR model
is shown in figure. 37. The wolW wrays arc thin phuts of solar cell materia on one side
and nonconducting paint on the other, The spacecraft body is wrapped in teflon and
kaptoo thermal blankets. The SSIE RPA is the round dik located on the boom jw4 above
the Vspceft. It is too small to be modeled wM POLAR.
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The wmper cod& otenik of the POLAR codes wa'ý wccd to czausn ih- char-ging of
MWS Figute 38 sowws fth chwgia re of a sewcion of nufamx. After 10 secodt. the
susfrs ae cotinuing t w pcag.
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Figure 39. Potential contours for DMSP (a) in the constant X plane of the center of the grid and (b) in the
constant Z plane of the center of the grid.
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5.14 A Multibody Probem-EMU Near the Shuttle

mxb aseIMbhtle O*4t. M~AY "cbg Wa lea pontia to fthe~r nwt ,

A ne nanp of h ow t Iw pmw.Aunee of onm spavcctc* t can a-ffoct IIhe chug In S of aNoteriA
the charging of a small1 objecstwnar a lapg owe during an aurwa. One exainpo edrth i%
the OOjrswtO of an UIVM (itvh ktoranuvctng Unit) nea the much large shuttl
whitr. Thlo EMU &wteoin 'urfa potentials4 corw&iWl to those of the shutle.

Objct i" ezantined to detcnw the appraviatc cnvironnwr of thc smWI Object, Secod.
(he chargiag of the small objec a examined in the cnvkomoAsadeateind by the topg

The POLAR codes mv vwad to detenne tthe chaging of fth wbitcrEMUJ pair in the
wwtrc auOnal envitmntt.a %tne the orbite opste at Iowat attiudwi than DMSP. W-%'

are planned for thw shuttl obict anyway,) The rni4d frtib mW60 caet ioss howcO in
lignuc 4 1. Although thisi is acwdc model of f1w. o'itftc the tinm and 4har arc imibr.
The mwaaib wvcrinvg the mode his %Ocoqdary jwpenies! aluivac.entow the -%hutt *Mie
tile matewial and a %ma.21 patch on the wake ,ido it~ TIWWN to ximulaie fth EMU. The
voqw file uscd in the caladlaiion amt in Appmndi C.



Figure 4 1. POLAR model of shuttle used for calculations of the ion current as a function of voltage.

A series of nterak calculations is done using this model to determine the ion current
density ai a function of the voltage. Figure 42 shows the current collected as a function of
voltage. The figure shows the ion current collected and the net electron current including
electron generated secondaries and backscattered electrons. The ion generated
secondaries are ignored as their contribution is small. The electron current collection
vnlues were determined using sucbgr because they depend only on the potential, the
spectrum. and the surface material properties. The voltage at which the lines intersect for
zero net current, -1.5 MV is the equilibrium potential. If the ion generated secondaries
had been included in the calculation, the equilibrium potential would be slightly greater.
The equilibrium potential cou.ld also be- found by letting the shuttle charge in this
environment until an equilibrium potential is reached. This process takes longer. A
cha.ging calculation gives a variation in potential from location to location. Since the
current to the EMU is not dependent on the small scale potential variations, these can be
ignored for this calculation.
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Figure 42. Shuttle current collection as a function of shuttle voltage. The potential at which the electron
and ion currents are equal is the equilibrium potential.

The ion current as a function of voltage curve is used to determine the appropriate
environment in which to evaluate the charging of the EMU. The EMU environment is a
monoenergetic beam of ions with energy equal to the orbiter potential. The ions are
accelerated to the orbiter potential before they are substantially affected by the EMU
electric fields. Ion collection by the small EMU is orbit-limited, with a current density for
surfaces at the orbiter potential the same as the average orbiter ion current density. This is
because a small object in an ion beam collects according to orbit-limited theory. EMU
collection is described by,

J() = + AJ+(7)

where J,, is the current density on the shuttle, ý,, is the potential of the shuttle, and AO is
the difference between the shuttle and the EMU's surface potential.

The next step is to evaluate the charging of the EMU in the effective environment. The
"ion current collected by a negatively biased sphere in a thermal plasma is given by

J(týi=( +1J (8)
where 0 is the plasma temperature. POLAR uses this formula to obtain the ion current to a
squrface when orbit-limited current collection is requested. One approach to solving for

the surface potentials on the EMU is to do an orbit-limited current collection calculation
with an ion temperature of , and an ion density such that J,, equals J,. The resulting
potentials should then be shifted by ý, to give the true potentials. However, this approach
gives the wrong secondary emission currents. An alternative is to use the following
approximation. Equation 7 can be rewritten as
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i~t)=J.(9)

where 0 is a number small with reznect to ý. The temperature is chosen to be an
appropriate temperature for the problem and the density is chosen such that

th , (10)

To evaluate the charging of the EMU, we use nterak. The model of the EMU is shown
in Figure 43. The cold plasma environment is chosen to give the correct ion collection
properties of the EMU. The temperature is 4.5 eV, which is the ram energy of the oxygen
ions. The approximation in Equation 9 is valid as long as 0 is small with respect to the
shuttle potential of -1.5 kV. A density of 2.2 x 10' m-' gives the correct ion thermal
current. The calculation is done assuming orbit-limited ion current collection. The hot
electron environment is the same as we used for the shuttle charging. A mach velocity of
0 is used because wake effects are meaningless here. We dse as large a grid as possible
because the grid boundary is at 0 V.
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Figure 43. POLAR model of the EMU, two views.

We use suchgr to estimate the charging. Table I I shows the final potentials for the
various materials. The materials LEXAN, KAPTON, and WHITEN all charge the same
(as the secondary properties are the same.) The material ALUM charges slightly more
and TEFLON, the predominant material, charges less.
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Table 1I.
Charging of EMU Materials As Given by suchgr

Material Name Equilibrium Potential (kV)

TEFLON -2.8

LEXAN -3.2

ALUM -.3.35

KAPTON -3.2

IWHITEN -3.2

Figure 44 shows the time history of the potential of the differeat materials of the EMU
as computed by nterak. Differential potentials of 450 V develop. The insulating surfaces
reach their equilibrium potentials in about 0.2 s. Spacecraft ground is capacitively
coupled with the exterior of the insulating surfaces and therefore follows the potential of
the most numerous (by far) surfaces for the first second. After about a second, the ground
potential begins to increase. This is because the few aluminum surfaces have a net
negative current to them from the environment. Eventually, spacecraft ground will reach
the floating potential of aluminum in this environment.

Time (s)

0.01 0.1 1 10 100
0 .I

Teflon
-1

-Lexan

Whiten

S-3 • |_. ::==.Alum (Ground)

Figure 44. Time history of the EMU surface potentials.

The field over the exterior of the EMU varies from 104 to 2 x 10-1. The high fields are
at the hands, heels, and face plate, the surfaces that are not modeled by TEFLON. Figure
45 shows the contour levels in a plane through the center of the EMU.
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Figure 45. Contour levels in a plane through the center of the grid. The high fields near the face plate can
be seen in the inset.

5.1.5 Documentation

Enough documentation of the charging analysis should be kept to allow the
calculations to be repeated. Any figures, analytic calculations, and other information that
is used to make recommendations should be kept. Frequently, decisions need to be
reassessed and it is easier to review the decision if all the information that went into the
decision is available. The material contained in this chapter and in Appendix C is the type
of material that should be kept.
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5.2 Determining the Location and Frequency of Discharges

/Srae mtra;mount/
I •• 1 // ~of stored charge; Electric//fid/
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S~material thresholds

How likely is it that it will
break down?

Figure 46. Once we know the surface potentials to expect, we want to locate the likely breakdown
locations.

As discussed in Chapter 2, even though our understanding about discharges is not
complete, there are some well-established data, plausible analytical treatments, and useful
criteria that can be employed in predicting the location and frequency of discharges as
discussed below.

The criteria given in Purvis et al. [1984] for determination of expected discharge
locations are (a) dielectric surface voltages greater than 500 V positive relative to an
adjacent exposed conductor, or (b) an electric field greater than 5 x 10' Vm-' between a
dielectric and an exposed conductor. The potentials calculated using the methods
discussed in Section 5.1 can be used to determine some discharge sites. Small features,
such as edges, points, and corners can enhance the electric field. They are rarely
explicitly included in the modeling of charging. To locate high field regions due to these
types of features, the spacecraft specifications must be examined.

At present, no proven analytical method exists to determine the sites of discharges or
their frequency. To overcome the lack of definitive analytical methods, a rule structured
protocol based on the level of differential voltage has been developed by the spacecraft
charging community to determine possible discharge sites. The rules for determining the
location and charge loss of potential discharges for spacecraft dielectrics from the
NASCAP/GEO or POLAR predictions are as follows [Frezet et al., 1988; Purvis et al.,
1984; Stevens et al., 1987]:

11. Discharges are possible from NASCAP/GEO or POLAR dielectric cells whose
surface potential is 1000 V or more negative with respect to the spacecraft structure
or adjacent exposed conductors.

2. Discharges are possible from NASCAP/GEO or POLAR dielectric cells whose
surface potential is 500 V or more positive with respect to the spacecraft structure
or adjacent exposed conductors.

3. Discharges are possible from NASCAP/GEO or POLAR dielectric cells where an
electric field of 5 x 10' V rn exists between the dielectric and an exposed
conductor.
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4. The charge loss in a discharge is normally assumed to be 10%. If there is a
differential surface potential between the dielectric cell and an adjacent cell of
1000 V or larger then the charge loss is assumed to be 30%.

5.3. Determining the Severity of Discharges

- -= •_/ 
C apacitance; Am ount of /

f stored charge; Fraction of
.•r / stored energy relelased /

, I ~Analytic formuia "

How much energy will be
released? 

I

Figure 47. Once we have determined that a discharge is likely at a given location, we would like to
determine how severe the discharge is likely to be.

The severity of a discharge can be measured in several different ways: the amount of
energy released, the peak current, the voltage change, or the amount of material released.

The replacement current arising from blowoff discharges has a time profile that can be
represented by a triangle or double exponential wave shape [Purvis et al., 19841. The
peak amplitude of the wave shape, I,, depends on C, the capacitance of the dielectric cells
where discharges are possible, on V,, the voltage of the cells before discharge, on K, the
fraction of charge blown off, and on t, the half width of the discharge pulse. It is
expressed as

[it = K C V ,,t . II

The discharge half width can be estimated by the space-charge limitation time (Woods

and Wenaas, 19851 given by

t 2=-d (12)

and the pulse rise time is

t,= 2 Riv, (13)

where vp is the dielectric dependent discharge propagation velocity (typically,
3 x I0 m r s"). R is the average surface dimension of the dielectric undergoing discharge
or is the radius of a 3-dimensional structure, d is the dielectric thickness, and C, is the
relative dielectric constant of the dielectric.

Another means of estimating the peak amplitude and half width of a discharge is to use
ground-basd measured data. Data based on the measurement of snall planar samples is
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given by Balmain and Dubois [1979] and O'Donnell and Beers [19821 which find the

following scaling laws for dielectric discharges [Wilkenfeld, 19831

I :=CI A• (14)

t = CU'A2' (15)

where A is the dielectric surface area undergoing discharge and the Cs are the dielectric
dependent constants shown in Table 12.

Table 12.
Current and Time Discharge Scaling Parameters [Wilkenfeld. 19831

S .. .. 1(A) . . . !i s

Material CI C2 CllV .. C2"
Kapton 3.8 0.482 01.4 0.669

Teflon 5.146 0.516 8.0 0.511

Mylar 8.359 0.509 7.7 0.461

Fused quartz 0.81 0.6

5.4 Determining Where the Discharge Energy Will Go

-. ;[ WE re VAItheo nergy ?]

Figure 48. A vital key to a determination of the impact of surface charging is the detcrnination of where
the discharge energy, the current, will go.

The transient pulse produced by the discharge couples directly or capacitively to the
spacecraft structure and to spacecraft cables. Various methods are available to analyze the
coupling of the discharge transient to the spacecraft elements. Somne of these different
coupling analysis methods are briefly discussed below.

5.4.1 Lumped Element Method

Lumped element nmoleling (LEM) is the most comnimon analysis method used for
discharge coupling. LIEM nm(dels replace spacecraft structural elements with their
equivalent inductance, capacitance. and resistance. LEMs have varied from simple
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1-dimensional models where a few circuit elements are used to model the entire
spacecraft structure [Bowman et al., 1989; Woods and Wenaas, 19851 to very complex
3-dimensional models where each structural element is modeled by its equivalent RLC
circuit [Granger and Ferrante, 1987; Robinson. 1977]. The discharge source is then used
to drive the lumped element electrical model at the point in the model associated with the
cells identified as locations where discharges are likely to occur. A circuit analysis code
such as SPICE is used analyze the lumped element circuit model and to calculate the
currents flowing on each structural elemcnt due to the discharge source. A LEM model is
also generated for cables that are attached to or run near the spacecraft structures. The
structure currents calculated by SPICE for the spacecraft LEM are then used to drive the
cable LEMs. SPICE runs are made for the cable electrical models using the structure
drive sources to determine the coupling of the structure currents to the cable conductors.
The conductor currents and the resulting voltage appearing at interface circuits attached
to the cable conductors are compared to the interface circuit thresholds to determine if the
interfaces will be upset or damaged by the discharge sources.

5.4.2 Numerical Electromagnetic Method

The numerical electromagnetic method uses codes such as the Numerical
Electromagnetic Code (NEC) [Burke and Poggio, 1981] to analyze discharge coupling.
For NEC the spacecraft structures and cables are modeled as a combination of "sticks"
and flat polygonal "plates." The NEC spacecraft model is then driven by direct sources
representing the discharge at the model locations identified with the cells that arc likely to
discharge. NEC is a frequency donmin code and thus the time domain discharge sources
must be converted to the frequency domain when input to NEC. The NEC program solves
both an electric field integral equation (EFIE) and a magnetic field integral equation
(MFIE) and accounts for mutual coupling between spacecraft model elements. Individual
NEC calculations are performed at a single frequency point and thus must be repeated at
a number of specific frequencies that cover the range of interest for the fxequency
spectriam of the discharge sources. The NEC code output is transformed to the time
domain to yield the current flowing on the cables of interest. The cable currents are then
used to determine the, cable conductor currents via the transfer characteristics of the
cables being analyzed or with a lumped element electrical model. Once the conductors'
currents are found, the voltages and currents appearing at sensitive interface components
are determined wsing usual netAwork analysi techniques.

S.4.3 Particle Pushing Method

The particle pushing methods use system generated electromagnetic pulse (SGEMP)
codes such as the 2-dimensional Arbitrary Body of Revolution Code (ABORC) (Woods
and Delmer. 19761 or its 3.dimensional equivalent MEEC (Tumolillo and Wondra, 19771
to calculate spacecraft discharge response. These codes solve Maxwell's equations by
direct finite differencing for axisymmetric geometries. Spatial current densities are
obtained from finite particles of charge that are followed through the spatial nmesh of
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zones. In addition to the Maxwell equation routine, ABORC has a Poisson equation
solver from which elcetrostatic fields may be obtained for each time step. Woods and
Wenaas [19851 describes the details of using ABORC to pcrfbrm discharge analysis of
spacecraft. Discharge response calculations begin with the static fields arising from the
initial charge on the dielectrics. The ABORC discharge model amsumes uniform spatial
emission, a triangular time history, and zero initial electron kinetic energy. Flashover
currents are included to the extent that the potential across the dielectrics varies with time
due to both blowoff and flashover effects. Reasonable agreement has been found between
discharge results calculated with ABORC and actual mcasurements made on spacecraft
models in the laboratory.

&4.4 EMC Radiative Coupling Method

The EMC radiative coupling method employs EMC analysis codes such as Intrasystem
Electromagnetic Compatibility Analysis Program (IEMCAP) and Specification and
Electromagnetic Compatibility Program (SEMCAP) [Heiderbrecht, 1975] to analyle
discharge coupling for spacecraft. IEMCAP and SEMCAP contain communications and
EMC analysis math models to efficiently evaluate the spectra and transfer modes of
electromagnetic energy between Senerators and receptor within a system. In analyzing a
system with thes codes. all system emitters are characterized by emission spectra and all
receptors are characterized by susceptibility spectra, All ports and coupling mchanintsn
are assumed to have linear characteristics. Emisiions from the various emitter ports are
assumed to be statistically independent 4o that signals from several emitters impinging at
a receptor port combine on an RMS or power basis. The function of these codes is to
determine, by analysis, whethe the signalsi from one or niore amitters. entering a receptor
port cause inrferretnce with the required operation of that receptor. Flectromagnetic
Interference (EMI) is accedsed by computation of an EMI Margin for each rceptor Pon.
The EMI Margin is just the ratio of power received at each receptor port to that replor's
suceptibility, Coupling models built into these codes include antenna coupling, wireto-
wire coupling. case-to-cas• coupling. coupling through filters, filid-to-wire coupling.
Voyager (Rosen. 19781 and SCATHA (hitmye. 19811 are two .pecraft whose dicharge
couplings have been analyzed by uwing the EMC radiulive coupling met-od. Leung ct aW.
(19861 de&cribes discharge induced anomalies that have been obvrved for Voyager and
disum4 them in relaon to the SEMCAP discharge pWdictio made for Voyager.

5.4.5 R-emmmewded Couplt Analysis Apparoh

The prement standard practice used for spacecraft di6harge response is the LEU-
method and follows the procedure shown in Figure 49. The analysis procedure i& as
follows jElkman et al.. 1983; Granger and Ferrante. 1987; Stevens c, ae.. 1987):

I. Obtain the structural details on the spacecraft to be analyzed.
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2. Obtain the physical details on spacecraft cabling that are routed on or near
structural elements and connect to sensitive interface circuits that are susceptible to
interface or damage.

3. Construct a physical model of the spacecraft using the following library of
structural components: rectangular plates. disk plates, hollow cylinders, bars and
cones.

4. Construct an electrical model of the spacecraft replacing the structural components
with their equivalent electrical RLC models. The equivalent circuits for plates.
hollow cylinders, and discs are shown in Figure 50. The structural elements fall
into one of two major categories, the exterior structural elements that are
capacitively coupled to space and the interior elements that capacitively couple to
each other. These free space capacitances and mutual capacitances awe included in
the electrical model for each model structure. Capacitances and inductances of
structure elements may be found in Granger and Ferrante (19871, Elkman et a.
(19831. and Rostek (19741. The electrical model nodes should correspond to
structural features with dinensions of 0.3 in or less,

5. Construct LEM electrical coupling models of the spacecraft cabling and insert
these cable coupling models at the appropriate location in the spacecrft electrical
model. Simple LENM models can only be used tfr cables that ar less than XA8 long.
where X. is the smallest wavelength used in the analysis. For longer cables.
distributed LEMs must be u=d where the siniple LEM is divided into s-ewral
sections to account for distributed effects.

6. Inaw" the diOP %rg W sourcM 41 the approprie Poinu in the spauecraft electlical
model. The sourc-e drive the spacecrft electrical model through their sourc
impedance that is capacitive or w•istive depending on their spac craft injection

hani"., U.•e a circuit analysis code such ws SPICE to solVe the spacecraft
etec-trical model for the volta and urfeot tha appear at tk cable conductor
oad& prwting input impidacos of the ,%civtivc iotcdace cir-uit.
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PLATE HOLLOW CYLINDER
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DISC

Figure 50. Equivalent circuits for plates, cylinder, and discs IGranger and Ferrante, 19871.

5.5 Determining the Damage Produced by Discharges

Energy released at eachloc~atin;Sensiivtyof ft

Figure 51l. The point of the discharge magnitude and coupling calculations is• to determine the stress and
ultimately the "damage to circutsi nd components.

We first became aware• of spacecraft dielectric discharges because they produce
anomalous behavior in spacecraft operation. An anomaly is defined a., any spacecraft
behavior that is out of the ordinary. Thus our goal in examining discharges is to analyze
where the voltage and currents induced by discharges could produce an undesirable
spacecraft circuit respone and thus possibly produce anomalies. The transient voltages
and currenlt in interface circuit loads transfer through any intervening circuit .ements
and arrive at and stress snsitive interface components. The transient component stress
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can proauce one of two undesired responses in spacecraft circuits. One response is upset
and the other is component damage. These two types of responses and the analysis
procedure for determining if they can occur are discussed below.

5.5.1 Circuit Upset

Circuit upset is a nonpermanent alteration of a circuit or component operational state
that is self-correcting or reversible by automatic or manual means. Some examples of
upset are provided in Figure 52. The conditions for upset to occur when a circuit is
stressed by a discharge transient are as follows:

I. The discharge transiert's amplitude must be a significant fraction of or greater than
the circuit's operating signal levels.

2. The discharge ;ransient's time scale must be within the circuit's response time.

3. When the discharge transient's time scale is shorter than the circuit's response
time, the discharge transient's amplitude required to cause upset exceeds the
circuit's operating signal level.k by increasing amounts as the time scale differences
become !arger.

4. For digital logic circuits, when stressing discharge transients have time widths that
are within the logic circuits response time, logic upsets occur when the discharge
transient's amplitude is greater than the logic circuit's, noise margins.
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The upset thresholds for representative logic families are given in Table 13. The upset

level (c.g.. noise margin) for commonly used logic families vary from a few hundred

milli-electron-volts to a few volts. Typical upýwt energy level thresholds range from I to
50 nanojoules.
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Typical I Ipset 'breshold and Characteristics of Some Logic Families
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An example of a discharge induced upset anomaly is the Power-On Reset within the
Voyager I Flight Data System (FDS) which occurred 42 times during its Jupiter flyby
[Leung. 19861. This anomaly was traced to the upset of a CD4050 CMOS input buffer in
the FDS processor delay logic circuit. Investigation determined that a discharge pulse
with a current rise of 4 A ps" to 10 A ps" on a neurby uiiru would induce the 3 V to 17 V
at the CMOS buffer required to trigger its upset for induced transient pulse widths of
5 ms and 20 ns, respectively.

5.5.2 Component Damage

Component damage is a picnnanen change in one or inore electrical characteristics of a
circuit component. Circuit component.s are vulnerable to thermal damage and electrical
breakdown when stressed by dielectric discharge transient%. The damage energy threshold
for various circuit components for a (100 ns rectangular transient pulse is shown in
Figure 53. The damage threshold level ranges from 10 nJ for microwave diodes to several
hundred nanojouks for various logic families.



ComVonorn
Transformers

Starching Zen.,$ Power

&Uaowav* 0.0w0 Jes

LED

Ttaramtor S,'Z FF
S 4ý

JFET •]

MOS

CmOS.SOS

Then Firm •,•sw a, s

Aslay o-.---o we ComaS
_ _ _ _ _I I

10-10 10-6 10-2  
102 106

Energy (J)

Figure 53. Pemnwnet damage energy threstok of component's for I (X) ns pulse I Rudie. 19811.

For semiconductors, the most common discharge transient damage mechanism is
localized thermal runaway triggered by electrothermal overstress. This condition
produces a resolidified melt channel across the junction once the transient is removed
where the melt channel appears electrically as a low resistance shunt acrass the junction.
Junction damage is most likely to occur when the discharge transient reverse biases the
junction and drives it into second breakdown. Forward stressed junctions also fail but
typically have damage thresholds that are three to ten times higher than reverse stressed
junctions. For integrated circuits, metallization burnout and gate oxide breakdown (for
MOS devices) are also prominent failure mechanisms.

Semiconductor failure thresholds for discharge transients can be predicted from known
or measured data using models developed for discrete semiconductors and integrated
circuits. These models, which are based on thermal considerations and experimental
results, yield the following expression for the failure threshold level

P. = kt L, (16)

where P, is the power in watts required in t ,econds to produce device failure, and k, and
k, are device dependent damage constants. As illustrated by Figure 54, for discrete
devices, k, is unity for discharge pulse widths less than I(X) ns. 0.5 for pulse widths
between lOO ns and 300 nis. and zero for longer pulse widths. The value of k, is
determined by test when possible Measured values of k, for soinc comnmon discrete
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semiconductors are shown in Table 14. When test data is unavailable, the value of k, can
be obtained from data sheet information and the analytical expressions given in Durgin.
et al. [1983]. The failure models for diodes and transistors are shown in Figure 55. The
diode and transistor junctions are modeled by a resistor that represents the junction's bulk
resistance and a voltage source that represents the reverse breakdown voltage for the
junction. Typical values of junction bulk resistance and reverse breakdown voltage for
diodes and transistors are listed in Table 15.
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Figure 54. Pulse power failure dependence on pulse width for discrete semiconductors IEMP
Susc•ptibility Threshold Handbook. 19721.
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Table 14.
Damage Constants and Junction Breakdown Voltages for Some Typical Discrete Semiconductors

Device Type k* BV1;;I) BVCIo VBD

(W s"2) (V) (V) (V)

IN750A Zener 2.84 4.7

IN756 Zener 20.4 8.2

IN914 Diode 0.096 75

IN3600 Diode 0.18 75

IN4148 Diode 0.011 75

IN4003 Diode 2,2 2(X)

2N918 Transistor 0.(X)86 3 30

2N2222 Transistor 0.11 5 60

2N2857 Transistor 0.(X)85 2.5 30

2N2907A Transistor 0.1 5 60

2N3019 Transistor 0.44 7 140

2N3440 Transistor 1.1 7 3(X)

* k =k, k2 = 1/2

Transistor Damage Model

C PF= klt-kg
•V~o2 . ...-8

1;: = -VBo , Va + 4 R,3 P,

Re, Vo4R~

02R02  
2 Re

it, VF . Re IF +, VOD

Re, IC Terminal Damage Model
E Power

Input Output

Diode Damage Model V,

A RA Rs, R113

V90,
Re --I V902, V8031 60 _ _T

Cathodel ReOOFenco

Figure 55. Transient pulse failure models for tranistorm, diodes. and integrated circuith
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Table 15.
Typical Junction Bulk Resistance for Discrete Semiconductors

ISweton, 19791

Device Category Reverse Bias Forward Bias

Zener diodes H.0 0. I

Signal diode 25.0 0.25

Rectifier diode 150.0 0.05

Low power transistor (e-b) 10.0 1.0

High power transistor (e-b) 2.0 0.2

For integrated circuits, k, and k, are determined experimentally when possible. The
constants for some common integrated circuits are presented in Table 16. For the case
where test data is not available, typical values of these coefficients for different types of
integrated circuits have been determined by tests and are given in Table 17. Tight
integrated circuit manufacturing tolerances and standard circuit designs have allowed
integrated circuits to be grouped by their technology into generic failure classes and their
terminals categorized into one of the following types: input terminal, output terminal, and
power terminal. The terminal failure model for integrated circuits is shown in Figure 55.
The IC terminal failure model consists of a resistor representing the terminal's bulk
resistance and voltage source representing the terminal's reverse breakdown voltage.
Typical reverse breakdown voltages and bulk resistance for integrated circuits are listed
in Table 17.
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Table 16.
Measured Damage Constants for Some Typical Integrated Circuits

Input Output Power

Device Family ki k2  k1  k2  kl k2

CD4(X)0AD CMOS 0.762 0.355 0.0228 0.595 0.24 0.515

CD4024 CMOS 1.6 0.5 0.19 0.5 - -

MCi4(XX) MOS 1.99 0.184 1.5 x 104 0.991 0.021 0.636

MC 1678 ECL 0.2 0.5 - - -

74(X)DC TrL 3.72 x 10' 0.955 0.837 0.354 - -

74163N TTL 3.5 x 10' 0.648 3.4x 10' 0.791 3.9 x 10.4 0.783

8228 STTL 8 x 10' 0.5 -- -

1402 PMOS 0.041 0.5 - -.

AMI 1! Linear 0.01 0.398 0.199 0.669 - -

LMi05H Linear 3.3 x 10' 0.721 0.115 0.429 7.2 x 10"4 0.877

MC_1533 Linear 4.9 x 10" 0.566 0.72 0.89 6.4 0.23

Table 17.
Damage Constants and Failure Model Parameters for Various Logic Families

IEMP Assessment Handbook, 19801

Category Vil Rs Lower 95% Upper 95%

Family Terminal k.. k2 .(V) (Q) k•_,_ k2

"I TrL Input 00(X)216 0.689 7 16 0.(XX)52 0.0X)896

2 Output 0.(X)359 0.722 13 2.4 0.(XX)98 0.013

3 RTL Input 0.554 0.384 6 40 0.12 2.6

4 Output 0.0594 0.508 5 18.9 00.(X)6 0.39

5 Power 0.0875 0.555 5 20.8 0.026 0.70

6 DTL Input 0,0137 0.580 7 25.2 0.(X)46 0.041

7 Output 0.(X)40 0.706 i 15.8 0.012 0.0136

8 Power 0.0393 0.576 I 10.6 O,(X)9 0.17

9 ECL Input 0.152 0.441 20 15. 0.A45 0.51

if) Output 0.0348 0.55W R7 7.8 O,1)31 0,397

II Power 0.456 0.493 0.7 8.9 (.22 0.935

12 MOS Input 0.0546 0,483 3I) 9.2 11t111063 0,47

13 Output 0()14 0.819 0.6 11.6 0111142 0.01,6

14 Power 0,10)5 0.43 3 101.4 0.038 0.29

15 Linear Input 01.0743 0.1• 7 1312 f 0(1K)4 1.01

16 O(tpult 0.014 9 0.714 7 S 5 11( 115 MS .14.A
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From the failure models for discrete semiconductors and integrated circuits, we find
the failure voltage, VP, and failure current, IF. at the device terminals are expressed as
follows:

V1.= VH + It ;R (17)

IF= (V,, - JVN - 4 RHP,)/2 RH (18)

where V. is the terminal's breakdown voltage, R,, is the terminal's bulk resistance and P,
is the terminal's failure power given by Equation 16.

The conditions for failure to occur when a circuit is stressed by a discharge transient is
as follows:

I. The discharge transient current produced at the terminals of a transistor, diode, or
integrated circuit must be equal to or exceed IW/D where 1. is obtained from
Equation 18. D is a derating factor to account for the statistical variation in device
failure thresholds. D is 3 for P. values obtained using measured damage constants
and D is 10 for P, values obtained using damage constants from generic data tables
(Table 16) or those obtained from analytical expressions [Durgin, 19831.

2. Or the discharge transient voltage produced at the terminals of a transistor, diode,
or integrated circuit must be equal to or exceed V. I) where V. D = V, + I. R1,/D
and D is the derating factor given above.

5.5.3 Recommended Analysis Approach for Anomalies

The recommended analysis approach for assessing where disclarge induced anomalies
are likely to occur and whether the anomaly would be transient or permanent is as
follows:

I. Use the discharge coupling analysis results to identify all spacecraft interface
circuits thai are stressed by discharge transients.

2. Obtain the electrical specifications for each stressed interface circuit and its
semiconductors.

3. Compare th& discharge induced voltage. current. and transient pulse width with the
circuit and semiconductor specifications foilowing the procedure to determine if
circuit upset can occur. If circuit upset is possible. then evaluate the circuit'%
function and the function of circuits that it feeds into to identify all the anonalies
that can be produced by this circuit upset. Next, determine if the anonalous
condition would he self-conecting, could be corrected from the ground (if not %elf-
comncting) or would he pernmanent.

4. For interface circuits thit can upset. compare the discharge voltage or current
induced at the terninals of circuit vemiconductor with the semiconductor failure
voltage or current obtained for the induced transient pulse width to idtntify
interface semiconductors that cmi also he damaged. It snmiconductor darnwge is
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possible, then evaluate the possible permanent anomalies that the damage could
produce.

5.6. Evaluating the Direct Impact of Surface Charging on the
Spacecraft Mission

Wts eurface potentials;l,,,"Measuring device desjgn

Z' and location:
3-D plasma potential and

Will the surface potentials

disturb environment
measurements?

Figure 56. Surface charging can directly affect the spacecraft mission. An assessment of this impact must
be mnde.

Only on a few spacecraft does surface charging itself interfere with the spacecraft
mission. The primary cause for concern is spacecraft carrying instruments intended to
measure the plasma environment.

The trajectories of charged particles are determined by the local electric and magnetic
fields. Charged spacecraft surfaces can create high enough electric fields, which affect the
trajectories.

Suppose a particle detector were placed on the side of the spacecraft discussed in
Section 5.1.2. In particular. suppose this detector is in the center of the side facing the sun
at the time modeled. This would be the east or the west side, depending on if the model is
for mid-morning or mid-afternoon. Figure 57 shows the potential contours in a plane
along the surface of this side and in two mutually perpendicular planes that are
perpendicular to the surface and pass through the center of the spacecraft side. The
potential at the detector is -651 V. The fields parallel to the surface will affect
trajectories. Th. files used to do the calculations shown here are in Appendix C.
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Figure 58a shows trajectories of electrons that strike the detector with normal
incidence with energies from 100 eV to I keV (spaced logarithmically). For electrons
below I keV, the detector is in the electrostatic shadow of the antenna mesh and boom
structure. From these trajectories alone, the spacecraft potential would appear to be
+ I kVM because no electrons of lower energy are detected. In actuality, spacecraft ground
is at -200 V and the detector is at -651 V. Figure 58b shows higher energy electrons
whose trajectories are less disturbed.
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with all the surface., at -651 V. Even with no differential charging. the particle
trajcclories are disturbed. HWre the elections ame hean the othcr way by the fiiIds.
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If care is taken in the design of the spacecraft an-d the placement of the particle
detectors, particle detectors can yield much useful information about the spacecraft
environment. However, care must be taken in both the design stage and during
interpretation of the measurements.

5.7. Impact Assessment

, / Spacecraft mission

;C cm:Epar ec eor Z :

ditrac Mest~bn esi]t

Figure 60. An a&sessment of the impact of damage or disturbance on the mission and a decision
regarding the acceptability of the impact must be made.

The final step of any analysis is to determine the implications of the analysis to the
spacecraft program. A minimization of the potential impact on the spacecraft mission due
to disturbance or damage to the spacecraft from spacecraft surface charging effects is the
desired end result of any analysis.

The likely impact on the spacecraft mission must be compared with acceptable design
limits. The comparison may reassure the designers. builders, and ultimate users of the
spacecraft that spacecraft surface charging is unlikely to interfere with the mission in an
unacceptable way. The comparisoa may also point out some areas where changes may be
needed or special care taken. An examination of the result of an analysis done before the
spacecraft design becomes fixed can suggest possible mitigation approaches that do not
interfere with other aspects. of the design.

For all analyses, if the likely impact on the spacecraft mission exceeds acceptable
design limits, mitigation techniques must be employed to eliminate the possible discharge
sources and to reduce the coupling between possible discharge sources and stressed
interface circuits.

An analysis done late in the design process should identify susceptible design areas
and locations for testing and quantify representative test levels. In this manner, test levels
and test locations can be an accurate representation of spacecraft surface charging effects
on the spacecraft. The testing can then reassure the designers, builders, and ultimate users
of the spacecraft that spacecraft surface charging is unlikely to interfere with the mission
in an unacceptable way. The tests may also point out some areas where changes may be
needed or special care taken.
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Chapter 6

Testing

Testing is the final component of a spacecraft surface charging protection program.
The necessary tests are divided into the following four types of testing: material property
determination, material discharge response testing, ground continuity testing, and
discharge immunity testing. Each of these types of testing i-; described below.

6.1 Material Property Determination

The charging rate and the maximum potential reached are functions of the properties of
spacecraft surface materials. The material properties that determine the charging response
of the surface materials are the secondary emission yield, the backscattkr yield, the
photoelectron yield, the conductivity, the dielectric constant, and the thickness. For
common spacecraft materials, the measured values of some of these properties are given
in the literature [Wall et al., 19771 or are available from the manufacturers of the
materials.

For new spacecraft materials one or mnore of the listed material properties will likely
not be available and must be measured. When measu~rements of these material properties
must be made, the standard test techniques available in technical references and test
books should be used for the measurement. The bibliography of this document lists
references that describe some of the standard test methods used for material property
determination. Siiice spacecraft surface materials are mainly insulators, the measurement
technique used to measure the conductivity (or resistivity) must be appropriate for low
conductivity (or high resistivity). Any necessary material property determination tests for
spacecraft materials should be specified in the spacecraft surface charging test plan. The
plan should contain the material property test technique, test setup, and instrumentation
for the material property tests.

When evaluating the reliability of published data or that determined from new
measurements, it is important to consider that the material properties can vary from
sample to sample, one location to another (due to non uniformity), over time, and with
environmental exposure. For instance, the conductivity of kapton has been shown to
increase after long term exposure to the space environment [Leung et al., 1985]. The
atomic oxygen of low-altitude polar orbit can oxide surface materials, reducing their
conductivity. Debris and meteoroid particles can erode protective layers.

95



6.2 Material Discharge Response Testing

Material discharge response testing is performed when measurements of the discharge
susceptibility of spacecraft surface materials and coatings [Balmain et al., 1985;
Goldstein et al., 1982] the transient currents produced by discharge of the materials
[Bogorad et al., 1990; Levy and Sarrail, 1987; Snyder, 1986] or the radiated fields
produced by the discharge transients [Leung, 1984; Leung and Plamp, 1982] are needed.

A typical test setup for discharge response testing is shown in Figure 61. The discharge
respoprse test setup generally consists of a vacuum chamber to provide the vacuum

onvironment of space, an electron gun to provide the electron charging environment,
currer', probes to measure the discharge current, a faraday cup to set the electron beam
density at the test sample, a high-voltage probe to measure the charge voltage of the
sampke, antennas to measure the discharge radiated fields, and a collection electrode to
measure the blowoff charge produced by the discharge. The test sample is normally a
small section of the spacecraft material to be studied. It is attached to a conductive holder
that represents the spacecraft structure. The holder is placed on a dielectric stand and
often grounded with a ground strap [Balmain and Dubois, 1979]. In some cases the
holder has been resistively terminated to ground [Wilkenfeld et al., 1981] or resistively
connected to a bias supply along with a capacitor-to-ground termination [Levy and
Sarrail, 1987]. The test instrumentation used to connect to the current probe and to
measure the discharge current is the same as the transient measurement equipment used
for discharge immunity testing given in Section 6.4. Test instrumentation that connects to
the antennas and measures the discharge radiated fields consists of a spectrum analyzer or
a wide-band heterodyne detector as described in Leung and Plamp [19821.
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Figure 61. Test setup for surface material discharge response tests (based on IBogorad et al., 1990(1).

6.3 Ground Continuity Testing

Grounding is one of the key design techniques used to prevent charge buildup [Gore,
1977; Ling, 1977; Purvis et al., 19841. The continuity of the spacecraft grounding system
depends on the construction techniques used and the care in handling. Testing is usually
necessary to insure that ground continuity exists and that the grounding resistance does
not exceed the required level. The ground continuity tests including the test methods to be
used, the test setup, and the test instrumentation should be described in the spacecraft
surface charging test plan.

Thermal blankets often have thin coalfings of conductors such as conducting paint and
indium tin oxide (ITO). The coating can be very fragile and easily damaged by handling.
When blankets are installed and when they are extensively handled, disturbed, or
adjusted, they should be tested to verify their continuity.

Each ground strap should be tested for continuity at installation and each time it is
adjusted. All bonds should be tested to verify continuity at the time the bond is made.

Besides testing during assembly, ground straps, bonding, and conducting surfaces
should be tested for continuity before discharge testing is begun,
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6.4 Spacecraft Discharge Immunity Testing

The most authentic ground-based method of qualifying spacecraft for spacecraft
surface charging related discharges would be to expose an operating spacecraft to a true
simulated space plasma environment during ground tests. This qualification technique has
been used for a few spacecraft. However, it has been found to be not realistic because of
our inability to reproduce the space environment causing spacecraft charging and
discharging on the ground. Additionally this qualification approach is extremely costly,
difficult to implement on a routine basis due to simulation and handling requirements,
and requires extensive test facilities [Wilkenfeld et al., 1981].

An evaluation of various discharge qualification test methods has determined that the
most practical and technically sound approach for spacecraft surface charging related
qualification tests is global discharge immunity (GDI) involving direct current injection
onto the spacecraft that simulate the currents caused by surface material discharges
[Wilkenfeld et al., 19811. The advantage of GDI testing is that it is a true system test, can
be performed at threat levels, simulates many of the electromagnetic effects produced by
discharges, and is consistent with present EMP test practices. GDI testing is the
recommended test technique for qualifying spacecraft against spacecraft charging related
discharges and is the test technique described below.

6A.1 Spacecraft GDI Test Plan

GDI spacecraft charging tests are performed by applying a series of current injections
to selected locations about the spacecraft, and monitoring the effects of these injected
transients on critical system functions. Test instrumentation is installed to monitor system
functions and verify safety margins. Injection locations, the coupling methods, and the
injection pulse parameters are selected either from an analysis of the spacecraft or are
taken from a control document.

The test plan includes at least the following:

I. Critical measurement test points that must be monitored to demonstrate safety
margins. (Determination of these points is part of the Spacecraft Analysis Plan.)

2. Failure criteria and limits, (Determination of these is also part of the analysis plan.)

3. Expected wire and structural responses at monitoring points. These are compared
to failure thresholds to determine anticipated safety margins.

4. Specification of the critical points to be stressed. (Determination of these is part of
the analysis plan.)

5. Test configurations and procedures for all electronic and electrical equipment
installed in, or associated with, the system and the response for operations during
tests, including switching.

6. A description of all nonstandard equipment such as pulsers, data links, or sensors
that cannot be found in referenced manufacturer's equipment manuals or data
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sheets. Where available, appropriate manuals or data sheets, can be cited for
standard test equipment.

7. Implementation and application of test procedures that include vehicle
configuration, modes of operation and monitoring points for each subsystem and
operation of test equipment.

8. Data recording requirements.
9. Methods and procedures for data measurement and analysis.

10. A safety plan whose objective is to prevent inadvertent damage to the spacecraft
and to ensure personnel safety during the operation of the high voltage/high current
power supplies specified in the test.

A post-test analysis in which the measured electrostatic discharge safety margins for
critical monitoring points are compared to predictions is part of the test plan. When these
margins are negative, impact on vehicle performance is part of the analysis. Where the
measured electrostatic discharge safety margins are less than the 6 db required.
identification of necessary changes to ensure compliance should be identified.

Test levels should be 6 db (energy) overstress by the injected current above that
produced by a worst case discharge occurring at that site for the specified charging
environment. Identification of discharge sites, discharge characteristics, and predicted
system structural current responses can be determined by the analysis methods discussed
in Chapter 5.

6.4.2 Test Setup and Spacecraft Test Configuration

The general test setup, for GDI testing is shown schematically in Figure 62. The test
setup consists of a high voltage pulser, the spacecraft coupler for injecting current on the
spacecraft, test instrumentation data link, command and control data link, the test
instrumentation, and the aerospace ground equipment (EAGE). The test should be
performed in a large open area such as a high bay. The spacecraft should be in its on-orbit
configuration (e.g., with antennas and solar panels extended) in an open area on a
dielectrically isolated stand as far away from conducting boundaries as possible. It is
recommended that the minimum height of the stand platform be comparable to a center
body dimension and that the clear space above the vehicle be similar. The minimum clear
space around the satellite should be comparable to 'he tio-lo-tip wing dimension for
3-axis stabilized spacecraft and several body diameter. Abr a sp,a stabilized vehicle. As a
rule of thumb, the capacitance of the vehicle to ground should be no more than twice its
capacitance to infinity. The spacecraft coupler can consist of a hardwire connection via a
grid of wires [Wilkenfeld et al., 1981] or a coupling capacitor formed by a test ground
plane and the metal structure (or portion thereof) of the spacecraft.
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V, Adjustabl' power supply with output up to approximately 2() kV

R, Charging resistor, typically I(X) kQ

C Drive capacitor, typically 00X)1 to 0.2 lif, depending on circuit requirements

L Lumped inductance added if necessary for wave shaping

R Lumped resistance added if necessary for wave shaping

Up, Uz Inductance of the connection grids

L, R, Inductance and resistance of the test object between pulser connection points

I Current flowing on the test object that simulates the replacement currents
f.)wing as the result of l1owoff

The ground plane is to simulate plasma current return paths to the circuit.

The switch is an 4adjustable. self-breakdown, high-voltage spark gap.

Figure 62. Direct-drive setup for electrostatic discharge simulation testing.

During electrical injection, the vehicle should be electrically isolated from its
environment except for controlled impedance paths between the pulser and test object,
and test object to common ground as shown in Figure 62.

)uring testing, the spacecraft should be powered from its internal batteries, and system
command and telemetry data that indicates system status should be transmitted via the
Radio Frequency (RF) Command and Control links between the spacecraft and the
EAGE. The spacecraft surface electric and magnetic field sensor outputs and critical tesi
point current sensor outputs should be transmitted via fiber optics or equivalent isolated
data links.
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6.4.3 Pulse Injection Method

Pulse injections onto the satellite are made via the hardwire coupler or the capacitive
coupler. The selection of which injection scheme to use for exciting a candidate discharge
area is made on the basis of an electromagnetic (EM) coupling analysis. The coupling
analysis is to determine which aspects of the EM energy produced by the discharge site
are important in coupling to nearby spacecraft conductors or points-of-entry (POEs)
associated with sensitive electronics. The hardwire coupler is the preferred pulse injection
method, if it is necessary to simulate the surface current excitation resulting from the
circulation of several-hundred-ampere, microsecond-wide pulses caused by electron
blowoff from a large area. Capacitive excitation is better, where excitation of system
resonances or normal electric fields is the important coupling mode. The critical test
points are the spacecraft dieUectric surfaces that are found to be susceptible to discharge
by the spacecraft charging analysis.

Unfortunately, neither current injection method provides a uniform global simulation
of the electrostatic discharge excited fields on the surface of the spacecraft. The
simulation fidelity will vary with spacecraft location and injection method. Thus one may
find that a particular selected injection technique and injection point may not provide a
correct simulation of fields in another area of interest. Therelbre, the coupling analysis
may suggest additional points of excitation beyond those determined from the charging
analysis to complete the test simulation process.

6.43.1 Pulser Injection Points

The following steps define the details on injection points to which the pulser
(including the wave shaping network) is attached to the spacecraft.

I. The results of the charging and coupling analyses are used to select the appropriate
injection locations to attach the positive and negative leads of the pulse generator
(hardwirn' coupling) or the position and spacing of the coupling plate (capacitive
coupling).

'. For each injection location, the coupling analysis results are used to define the
surface area over which current is to be injected, This surface area then is used to
determine the appropriate number of wires required in each grid (direct injection)
or the size and shape of the drive plate (capacitive coupling). The wire grid can be
a continuous resistively loaded structure with a total resistance, R * and inductance.
L', set to provide both pulse shaping and impedance matching,

3. The coupling connection should hN adequate to inject current over the same areas
as that which participates in the discharge. This may require driving an entire solar
array panel or a thermal blanket.

4. For hardwire injection. L', and L',, the total inductance respectively of the wire
grid connection to the pulse generator and the return at each injection location.
should be measured or calculated. Where current is returned to ground by
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capacitive coupling, the coupling of the test object to the ground should be
determined and adjusted as required.

5. Calculate or measure the spacecraft inductance, L. and resistance, R,, between
each injection location and return location.

6. The wire grid used for hardwire injection should be attached to the conducting
substrate surrounding the dielectric surface and not to the dielectric surface itself.

7. Conventional circuit analysis should be performed on Figure 63 (which is the
equivalent circuit of Figure 62) to compute the values of V,, R, R, L, C (and C, for
capacitive injection), required to drive the spacecraft with the desired current
magnitude and wave shape. The analytical results obtained from analysis of Figure
62 are given in Appendix D.

8. The test setup shown in Figure 62 should then be implemented based on the
information and circuit values determined in Steps I through 7 above.

6.4.4 Test Instrumentation

The high voltage pulseo is to be a capacitive discharge pulser followed by a wave form
shaping network, as shown in Figure 63. The pulser can be a s•lf-contained unit such as
the ELGAL 103 or one constructed from a high voltage power supply. a charging
network, and a remotely triggered spark gap, The pulser must be capable of peak output
voltages of 20 to .00 kV, Mak currents of several hundred amps. and a pulse width (full
width to half maximum (FWHM)) of greater than I lis. The component values for the
wave shaping network are determined from the results of the circuit analysis performed in
Section 6.4.3. 1, Step 7.
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Rc S

C Object Under Test C

I -- - - - -- - - -

Capacitive Discharge
Pulse Gerwaior

Adjustable Circuit Purainters
V", Adjustable charging voltage

R, C'harging resistor

C Drive capacitor
II Added inductance for wave shaping
R Added rtmimatwwe tor wave shuping

C, Capacitive mi'pling, between pulse~ gerwrattw unit te-t a*jct
L,ý Nomtinal inductmice of' test object
R, Nomtinal resiistance oftes~t objct

C. Capacitance K~tweem test ohiect and pulse getterator ground
I body munent of wst Wbjvct that 1ý charging cumme frw C.

R. Rcsim~ance of returt low. to ground)

S Spark gap

Figure 63, Getteral capudtivc di~hcageIjctin on ntuWie

Spacecraft operation during testing is determine-d through the on-board statui Inonitor%
of the teleimetry s4y~eae with the data being transmitted via the telemetry radio link to
provide electrical isolation. Cornprehenmive post-test functional perforniuane thecks am*
made uWig a direcit cable link from the 4paceeraft to the vehirle EAGE.

Other meaquremenits to be made during the test awe POWr 'W'urce Ieas'urenents. I(X-1t
ISM environmentl measquiaments and EM coupling measuremient%. The source
sneasurmmuent con.ist of the discharge voltage of the pul~er -and the drive curret. If
multipoint drive is employed. then limasurcmnent or the current through cadir or the
indfividual drive- wires may tv deArcd& A sumlmary of re-pre~wintative -4umrc tuwasuivilwat%
isgiven in Table IS and typicil instrutticatiton i6 given in Tahk 19.
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l"'ahlk I X.
Sourie measurinepts

Measurement Charging voltage Drive current Wire currents

Type DC voltage Pulse current Puse current

Repres-cnative 30 kV DC tdO(XX) A, ' 5 Pis I,. TP: 5 IL.Characteristics .... .. . ....

Location High potential si&e of C Pulser output Wires on drive pU~

Sensor Woih-voltuge Probe Cuwaln prole Current protw

Connection tard%*.'red Hardwired !tardwired
tiber optic link fiber optic link

Recording Voltenew Digifizink oswillosope Digitizing oscilloscope
or Of

w.kit!oscope WWi t(.,,i lo.spe and
t ra n sic at d ig ifiz er tr a n sie n t d iriti m.•

Commets Rmwab darng tst Renoivote duriog kms Reaut~xuve duririg t~

n = nRnIA,1be o0'rave wife"
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Taible 19.
Typical Test Equipment for System Spacecraft Charging Related Discharge Test%

A-ijulPrnvU/ MxkI I Frequency Rag - L..OIwr (2uaraierwi'gk Cu'mSHIC11i

RE Anooffiers

*Avauick JAWL SON 004 ~-5(XI MHz 26 dhgain. inImp v.'tae f !31)AV 22n1iV

Hewlett J KJ7D. E' 0.05-1.10X) Mlii 26 dhgi.inu ihae-0 .iiV

Tektninix IDS 5,20 O-5(x) Mlii Input vItllac scnmitivity I omV/diV D~f/n

2420) 0-20(3 MHz lnjviu vutage %ca'itiity 2(X) p1V/diV

Hewlett 54510A 0)-250 MK, Input vm~iIagor %nmiui'iil I mV/diV ]Digitizing~
34511 D 0-90X MH/ Inpul v~t~lajc 'Icn%ilhiliy I niV/iiV
54502A 03-lII) MHi Input V.14tage ,%en~iliitv 2 mnV/diV

Anal~ig hala, ("vic Linksv_
Tecicm - OAf)U 2 fz2Kii)25MH/ 1 htepntmnh in

I ~ d _____ d.~Icp% I_______ I
EGJ&G ODS-F I Kliz-i~t(3MiD Inctutks, prTr~ammmmmahle -It) ilh .mplilicr.

Cita dlal Sma/iroe

Ntrwuk ____ [-.1() MHz -9 in.. I- 41ut I_ jMechanical
Matrix ______0-3(X) MHz _______ in. I twit Pnignu-aunhle
D-.dc IEXICI 130 G-2503 Mliz ______ I ______in.I tout ______Mechanical

Pulse Generattos

Elp-.a EM 203 =~ I(N) kV. I = Il LA 4503 ill

EMtOII trŽKfl%*s.to 22.5 p1%
3012 CxP V.,, 20 kV. IV,& =2 kA (50(1).

Active lategratjor

EG&G WIA-lI 04 Lk-2zX Min,

IEGdwta~- "

_ _ _ _ _ _ _ _._._.[.0k.........................-

E& D- I>340)MHz,, dh 22(k) Ant2
HSD-3 > 1503 MH/ (C tdh) 20' A/n,2 tonu lime rate o t~h~angc

.1w imnnin F-ied Claeu'vkw fT, v/as/SetnmdJ
EG&G CML-3 5<632 MHz 13 db) 10Fr ,u1c
PnJync CML-X3 S 7(X)MHz (3 db

CML-X 5 173MHz 43 db3x 0

CML-6~~~~ xt5~(d, 3xo(
Ssorftwe Current (H)SeXv~awrv

PekCurrenut Nvvnrdirn, 4v t(hnaiv insto 50I IIhnv
----- V..- ---- (A;

TECIAM 95210-1 0).1-100 MlI. '11(m) f1
-_____952103-2 Uxl-(K Mli f .() ____

Flwhcr F-91 I2-1(m) MIt,/ 911) (
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Table 19.
(Continued)

I-qutipwntil MWdOl Frcq'nCV RangC Othcr Chawtcnstics Comrcnrts
M ir. _ .. __

S~~C'IRn €n Current Pridw.%
Cn rtPeak Current Nominal Z, (Ohis) Gap

I (A) into 5) OOhims (nches))
TE;AM 91550-3 1 0.0i -l(0) Ml/ 5W 0,033 I 1/4 Fow mncasuring

9155(104 .02-1(X) IHM H/ 5( .1/4 umnttnstruts(01550-5 0. 1 .- I B/) 5Wt 0..11 ,rod mbleI{-l) li5X) 10. 1 114

91550-7 1(001-iMii 4(XX) 000 II) 11/4 hndles
93696-2 (0.01 -501 MWi (XX) 5 1 1/

_36)16-3 I0.01- 14(0 MH/ 1(X) 5
936)6-4M (0H11X)1 Mil,) NR X) OA25/)1_. 9' 6-4 O). ()M 500) 0.06 2 5t$

98686-4M (O.)1 -V1W) MHi S(XX) OX)5 2 5/8
94430.1 0.1 )-250 MNH/ 70 9 314
-14)30-2 0.01-259 MiH, I0 I 3/4
Y44 311 (. O1-25() MHi 5 o.I 14

443I04 0.(I -250 MH/ 5(X) 0.05 34

Y4.456h- 0.01-1i) Mli4
9.1456.2 I O).l-I(V) MI,, I 2(X) I 4
(944•6.4 001-1(91MNIl/ 5W ) 0).06 4

AI Iidi CT-i ((.1-)X M) ISIi I(M) .5 .Fw individual
wire
m)asurcrnflhs

. ( r-2 i 1.2 k tli-IlM ) M ilt IN( ) I "

[ o ,lttua' Pr,,Iw__

. T Vm.j(Vi Attenituatin Imnpedance (MI• )
Teklnroix (0 I tX'-75 MWH _ 20((XM) For high vohagc

)±1 nicasurcenicnls

( < I46 IX) MII' t 50 IX.)X 0110)10,31 Diff/Amp
K1201 < I (ill/ 60 2XIX.I(X)X (0.1,3).0I1.5),(11.51 FET
P6202A < 5(X) Mll t 60 IOX.IX (10,2) FET
PNiŽ0 >. I (.iI lOX 450 ik 1.3 pl" 50 1

t 5 .P6057 >k3(111 t 50
P6(06A < (M) MHi ± 5(X) I(tOX 5 k(5, .a piv

10 (I0, 10.5) Pasive,
Bandwidth

I[. .. dccreacd to 153
MHz for 3M

The pulser source is calibrated by measuring the pulse output current into a short
- circuit and a known load, The current probe output should be transmitted back to the

ransient data recording system via fiber optics or a semi-rigid coaxial cable.
To validate the test results, one must ensure that the desired electromagnetic

environmrnent is reproduced on the outer surface of the spacecraft. The critical parameters
to be measured are the tangential magnetic field H,, which is proportional to the surface
current density K. and the normal electric displacement D., related to the surface charge

density. In addition, it is useful to measure boom currents. The joints between the
spacecraft and booms on which antennae or (he solar array panels are mounted often
-ervc as a major penetration for the coupling of energy into the interior of the spacecraft.

Surface current measurements for surface currents of significantly large magnitude and
in absence of ionizing radiation, can be made with surface current sensors like the
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TEGAM 95210-I or 95210-2. These small, surface mounted seusors have an active area
of about 1/4 to 1/2 square inch. If sensitivity is a problem, then B or i sensors, which
measure the rate of change of B or magnetic induction field can be used. Specifications
for the 95210 surface current sensors and the CML B sensors are provided in Table 19.

One problem to be faced with using sensors that measure time rate of change is that the
relative amplitude of the higher frequency components is magnified, even though these
components contain relatively little energy. Therefore it is advisable to integrate the
output of these sensors, where possible. using active integrators (such as the IA-300) with
time constants long compared to pulse width (about a factor of 10 is recommended).

The rate of change of the normal displacement field or surface charge density I)n can
be measured with a surface mounted sensor like the CFD- I or the HSD-3 Dsensors.

Currents flowing along booms or cable bundles can be measured by clamp-on current
sensors such as those given in Table 19.

Some of the sensors such as the CML B sensors have differential outputs. A balun
such as the DMB-3 or impedance matching transformer is required to convert the output
"from double-ended to single-ended. The sensors should be mounted directly on the
satellite sui c, lr boom. This may pose practical problems for means of adhesion and
avoidance c. s,'riace contamination. Signal cables should be run from these sensors to the
fiber optic data links in a manner least likely to perturb the electromagnetic environment.
i.e., along ground planes. The use of radio frequency tight. semi-rigid Cujack or Aljack
cable and locking connectors for the sensor signal cable runs to the fiber optics is
recommended.

Monitoring of specific response points should be done in addition to performance data
that may be received via the spacecraft telemetry. Given the mode of electrostatic
discharge coupling, the monitoring points are most likely to be the currents and voltages
on critical signal lines, or at inputs to the interface circuits of critical functional units. The
measurements are of two types, currents on individual wires and input voltages at critical
box pins. A variety of standard current and voltage probes are available to perform these
measurements. A representative set of these is given in Table 19.

These measurements must be implemented without disturbing the operation of the
spacecraft. Practically, this may mean modifying cable bundles by including interior
wires on which can be mounted current probes, putting monitoring points in critical
circuits that can be accessed through box pins, or by providing breakout boxes that
interface between the normal cable harness and the input connectors of the box under test.
These boxes contair -'ecessary current and voltage sensors, coupling circuitry to isolate
the measured cable or test point from the measuring device, and output connectors. The
output of the sensors is then run via separate cables back to a J-box located at the satellite
where the coaxial switches and fiber optic or other data transmission links are gathered.
The breakout box approach has been used to perform SGEMP electrical testing
[FLTSATCOM Phase 11 Experiment Plan. 1981; Lowell et al., 19801

"In addition, it may be desirable to measure the internal electromagnetic environment of
the spacecraft to ensure that it is correctly driven and to locate any points of entry. This
may be done with the environment sensors previously described. In particular, it is useful
to measure the currents flowing on interior cable bundles using one of the clamp-on
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current sensors described in Table 19. This is because one of the major coupling modes is
through the electricai and magnetic field penetration of cable shields to individual wires.

The signals to be monitored during testing are of two kinds: electromagnetic response
data such as surface currents and electromagnetic fields and satellite telemetry data that
indicates the status of system components. The former is relatively high frequency (1-200
MHz) analog data, while the latter consists of much slower digital data. The preferred test
configuration described is one in which the spacecraft is electrically isolated except for
current injection and return over paths with controlled characteristics. These requirements
in turn determine the characteristic of the required data systems.

Transmissions of high frequency analog data should be via wide band analog fiber
optic data links such as the OAM04 or the ODS-F fiber optics links. The type of system
required consists of:

I. Wide band (DC-300 MHz), many in - one out coaxial switches

2. Wide band (0.01-150 MHz miniraum) analog fiber optic data links

3. Digital controlled wide band RF attenuator, 0-60 db

4. Radio frequency amplifier; 2-26 db gain, 0.01 to 500 MHz (3 db bandwidth)

5. Digital fiber optic control link

6. Digital control circuitry.

The function of these systems is to provide a means of monitoring several critical
points with one data link. Because the range of possible signal amplitudes is large, it iN
necessary to provide both amplification for small signals and attenuation for large ones as
the normal operating range of the LED in the FO transmitter is typically ± 5 to ± 500 mV
and often less. The systems can monitor signals from a few hundred microvolts to I kV
over a bandwidth of 0.0 1- 150 MHz.

Spacecraft status information during testing should be provided by the spacecraft
telemetry system. To provide for electrical isolation, this information should be
transmitted via the spacecraft's radio frequency links. In some cases it may be desired to
use the EAGE to supplement or in place of the spacecraft telemetry to monitor system
status during the discharge testing. If the EAGE is used during testing, the hardwire link
between the spacecraft and the EAGE must be isolated via ferrite isolators such as that
described by Siedler et al. [ 1981 a; 198 1 b] or other suitable isolation techniques to prevent
coupling of discharge transients to the EAGE during testing.

Generally, fast transient data should be recorded on oscilloscopes and cameras,
transient digitizers, or digitizing oscilloscopes. Transient digitizers or digitizing
oscilloscopes are preferred as both an analog and digital signal are obtained and the
digitized data can be displayed on a digital plotter. The digital signal can also be stored
and processed off-line with the data obtained from the spacecraft telemetry. To avoid
degradation, the bandwidth (upper 3 db point) of the oscilloscopes and digitizers should
be as high as possible. While the major discharge response currents have characteristic
frequencies of I to 20 MHz, vehicle structural resonances can exceed 150 MHz. It is
recommended that transietit recording devices have a minimum bandwidth of 100 MHz
and should preferably be 200 MHz or above.
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6.4.5 Test Conduct

The following steps form the major elements of the test:

1. A complete pretest functional checkout should be performed using the EAGE. The
nature of the checkout is specified in the test plan.

2. The spacecraft should be disconnected from the EAGE and placed on battery
power and the radio frequency telemetry system for command and status
monitoring should be activated.

3. A series of electrical injections should be performed according to the steps given.
During injection, the vehicle should be operated in representative on-orbit flight
modes and in the on-orbit configuration. The spacecraft's on board housekeeping
capability should be used to monitor its behavior for out-of-spec operation.

4. At the end of a series of injections at a given point and drive level, a quick look
functional checkout of the spacecraft should be made before performing tests at the
neMt dri'e level. The nature of this checkout should be specified in the test plan.

5. Following the complete series of electrical injection tests, the spacecraft should be
reconnected to the EAGE and the system functional tests performed in Step I
should be repeated.

1 ne assumptions on whir : the proposed ciectrical injection schemes have been based
have been reviewcd in Wilkenfeld es al. [1981]. For convenience they are summarized in
Table 20. The primary one is that the principal electromagnetic driver in generating
surface electromaguetic fields is the ')lowoff of electrons. From this premise, it is possible
to predict the response of spacecraft-like objects if one makes certain assumptions about
the emission characteristics of the blowoff charge (magnitude, energy and angular
distributions, surface albedo, oresence and characteristics of an associated plasma).
However, these calcu!ations have not been able to predict the response of real spacecraft.
The prediction problem is enhanced for spacecraft with reentrant geometries such ,s
booms and antennae, largely because of a lack of a well-validated discharge model, but
also in part because of the inaccuracies inherent in trying to predict the response of
complicated systems with simplified models. In addition, the numb Jf cases for which a
calculation has been performed is extrei-ely limited. In a sense, reponse prediction is in
its infancy.
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Table 20.
Summary of Assumptions Used to Derive Current Source Terms

I. The predominant mode of excitation is the blowoff of electrons.

2. Punch through and flash over serve primarily to reduce the potential of the
dielectric relative to the structure.

3. The emitted electrons move in fields whose sources are electrons trapped in
the dielectric, replacement charges and currents, and other emitted electrons.

4. Spacecraft isolation ensures space charge limiting so that most electrons return
to the structure, hence, current flow is limited, decreasing in amplitude and
pulse width as the distance from the dielectric increases.

5. A worst-case is taken to be the response of the satellite grounded for which the
skin currents are equal to the blowoff currents.

6. Following standard practice, replacement current characteristics are described
by the scaling laws presented in Table 21.

7. The scaling is based on mono-energetic, circular samples, grounded edges.
Real samples show order of magnitude variations about the mean.

8. Coupling is based on limited validation.

9. More complicated environmental simulations (UV, high-energy electrons)
typically diminish or eliminate discharging.

10. Scaling laws may reflect the effect of typical test fluxes (I nA cm*'') that are
much higher than the fluxes occurring in space.

Ii. Real dielectrics do not show regular discharging patterns (edges. seams).

12. Neglects plasma effects (Debye screening).

13. Does not handle reentrant geometries.

14. Probably worst-case.

Thus, one must fall back on the limited body of data that connects inferred discharge
characteristics to the observed response of simple systems such as planar dielectric
surfaces. On the basis of simple scaling laws, the simple coupling models, and the limited
data base, one can derive predictions as to the anticipated skin currents generated because
of electrostatic discharge, in particular dielectrics.

Therefore, in the spirit of doing what one can at this time with the available data base,
these scaling laws have been adopted as the provisional injection current amplitude and
pulse width characteristics. The specification as it stands is incomplete because no
information is given on the normal electric fields associated with charge density. The
coupling experiments described in Wilkenfeld et al. [1981] and Treadaway et al. [1980]
did not measure this quantity. Planar sample measurements reported in Milligan et al.
[19791 indicate that they can be tens of kilovolts per meter. The normal electric fields on
the surface of the test objects can be calculated with the modeling approach described in
Treadaway et al. [19801 and Keyser et al. [19781. It would be useful to publish such data
if it exists and to perform additional calculations and measurements for realistic
spacecraft configurations.
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The question of emission pulse characteristics has a crucial bearing on possible current
injection and experiment configuration issues. If the blowoff discharges were smaller (say
less than 50 A) and narrower (less than 200 ns) it would be more feasible to employ
capacitive coupling in a threat level simulation. It might also be possible to use ferrite
isolation of power supplies, data links and the satellite EAGE that would make
experimental implementation much less complex.

6.4.5.1 Direct Injection Excitation

I. The critical stress points are to be driven by a direct current injection with direct
return of the type specified above. The pulser circuit parameters are adjusted to
yield an exciting pulse that has a maximum peak amplitude lp and approximately
equal rise and fall times tr = t, ='r, chosen as follows in order of preference:

a. Scaled values of I, tP based on laboratory electron spraying measurements on
materials of the same type as used on the spacecraft. The laboratory data are
scaled according to the area scaling laws given in Table 21 for FEP teflon,
mylar, fused quartz and kapton. For other types of materials it can be assumed
that:

t0(D)rive) I,,(l)rive) A "I-(Spacecraft) (19)

'tp,(Measured) 1p(Measured) A "-(Test)

where ut, (Measured) and lp (Measured) are the discharge pulse widths, and total
return currents (edge + back plane) for the test sample of area A (test). 1, (Drive)
and to (Drive), are the corresponding current injection peak current amplitude
and pulse widths for an actual spacecraft material configuration with a dielectric
area A (Spacecraft).

b. On the basis of a coupling analysis whose source terms and method of
calculation yield the surface replacement currents for an excitation over the
critically stressed area produced by a blowoff discharge.

In all cases, the value of 1, so determined should be increased by 3 db to provide for
the 6 db overstress (energy) above those levels calculated by Method a or b.

2. Current is returned to the pulser at locations remote from the current injection area.
The response produced by the return at several different locations should be
determined. These locations should be chosen to provide maximum excitation of
points of entry for the coupling of electromagnetic energy into the interior of the
spacecraft adjacent to the excitation location.

3. The testing should be conducted by injecting current pulses with the correct ",, but
at an initial peak current l,, which is 21 db below the amplitude as defined in I.
The pulse amplitude should be increased in approximately 6 db steps until the level
defined in I (I,, + 3 db) is reached. That at least three pulses be injected at each
level for each pair of excitation and return points is recommended.
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Table 2 1.
Summary of Discharge Scal ing Laws

lp(A) = K A(cm-2)lh r,,(ns) KpA(cm 2)• Q)(C) = K0A(cm-'

Material KI n K n - k, n,

Teflon' 10 0.58 16.5 0.48 0.18 1.06

Kapton' 5.6 0.51 21.9 0.59 0.15 10X)

Mylara 10 0.59 18.2 0.46 0.21 1.05

Fused silica" 0.81 0.6

a. [Balmain and Dubois, 19791

b. iWilkenfeld et al., 19811

6.4.5.2 Capacitive Injection

I. The critical stress points should be driven by capacitive injection that may either bo
through capacitive coupling with capacitive return or direct coupling with
capacitive return. The pulser circuit parameters should be adjusted to yield an
exciting pulse that has a first lobe peak amplitude I and time to first zero crossing
ti chosen according to Method a or b given for direct injection.

2. The capacitive coupler or direct connections to the critically stressed area should
be designed to excite the same area as participates in the discharge. This may be
assumed to be the entire conductivity bounded dielectric surface.

3. The current return to the pulser should be through the capacitive coupling of the
test object to the common pulser test object ground plane, for direct injection or
through either direct or capacitive coupling for capacitive coupling of the pulser to
the test object.

4. The testing should be conducted by injecting current pulses with the correct t, but
at an initial peak current lp that is 21 db below the amplitude defined in I. The
pulse amplitude should be increased in approximately 6 db steps until the smaller
of the maximum attainable level or 3 db overstress level is reached. It is
recommended that at least three pulses be injected at each level for each point of
excitation.

5. If it is not feasible to capacitively drive the spacecraft at I + 3 db, then additional
internal sensors of the type described in the above sIould be added to the
spacecraft at internal monitoring points in sufficient number to provide data to
determine whether the spacecraft would show improper responses if driven at full
criteria levels based on the susceptibility thresholds for systems and subsystems.
Subsystem electrical testing of those system components for which the above
analysis indicates negative safety margins at critical internal test points is
recommended to verify the analytical results.
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Appendix A

Environments

The region of space dominated by the plasma surrounding the earth is called the
magnetosphere. A popular visualization of the magnetosphere is shown in Figure 64.

Pigum 64. Niagnela~ihmr geonviry.

The plasma in the magnetosphere can be divided into three regions: (1) the
plasmasphere containing cool (less than I eV) plasma consisting of electrons. ion&. and
oxygen ions, (2) thib plasma sheet containing warm (5 keV) plasma. and (3) the radiation
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belts, with plasma energies up to several MeV. The auroral oval is that region where the
plasma from the plasma sheet and radiation belts extends to low-altitudes.

The space environments for which spacecraft charging is a concern are encountered in
geosynchronous and low-altitude, polar orbits. In either of these orbital regimes,
spacecraft charging results when a spacecraft encounters a plasma population associated
with a geomagnetic substorm-a warm plasma with particle energies in the 1-50 keV
range. The spatial and temporal variations of the plasma environment in either the
geosynchronous or polar regime are quite complex and a large body of work has been
devoted to characterization of those variations. (See the Bibliography.)

A.1 Geosynchronous Environment

Table 22 shows the environmental parameters at geosynchronous altitudes during a
quiet period.

Table 22.
Typical Environmental Parameters At Geosynchronous Altitudes

Plasma density I()m"'

Plasima thermal energy 0.1 eV
Debye length 20 cm

Ion species H'

Ram ion current 5 x 10( A mK

Ram ion energy 0.05 eV

Ion mach number 0.7

Magnetic field 10'(1 Gaus

Debris and meteorolds Little

Phtmooetnasion curret X4) IAA m7)

Spacecraft charging at geosynchronous orbit generally occurs when the spacecraft is
enveloped in the "plasma cloud" injected near local midnight during a magnetospheric
substorm. This plasma cloud may be characterized as low density (1-10 particles cm"')
with energies of 1-50 keV, in contrast to the "quiet" plasma conditions of higher density
shown in Table 22. Since a substorm typically occurs every few hours, the conditions for
spacecraft charging at geosynchronous orbit exist quite often. A geosynchronous
spacecraft can be immersed in the substorm cloud for niany minutes to hours, causing
pomsible durations of hours for geosynchronous charging events. When the plasma is thin
or tenuous, the spacecraft charges more slowly than when the plama is dense. Table 23
shows environmental paranters during a typical substorm.
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Table 23.
Environmental Parameters During A Typical Substorm

Charging current intensity I to IO pIA m-2

Charging current directionality Isotropic
Charging plasma density 10" to 1o, m"'
Characteristic plasma energy I to 50 keV

Spectrum Broadly distributed
Background plasma density No background plasma

Time spacecraft in most disturbed region 30 minutes

While the spectrum of a geosynchronous plasma is quite complex, it is usually
described in terms of a Maxwell-Boltzmann distribution--either a Maxwellian or a 2-
Maxwellian (two populations each represented by a Maxwellian distribution) for each
species. The first four moments of such a distribution then equate to the number density.
number flux, energy density, and energy flux, which can be compared to actual
observations. This parameterization of the plasma affords a convenient means of
describing the average plasma conditions, the standard deviation about that average, and
the worst case plasma conditions.

For risk analysis. the geosynchronous plasma cun Ne described by a Maxwellian
(Purvis et al., 1984j. Table 24 gives n 90th percentile Maxwelliun representation of the
geosynchronous plasma environment. The probability of observing given current
densities and temperatures of a given magnitude or larger are given in Purvis et al.
[19841.

Table 24,
Severe (Xeoynchmnous Substorm PlMo Environmnt (from Purvis et al. 119841)

_ Quanity Value

mecmo deftimy 1. 12 em

Proton deitly 0123.6 •m"

iecuton memeture 1210 WcV

Paoon tempemrure 29.3 keV
lect curen density 0.3 nA cm"

Figure 65 .hows, a Maxwclliz di"ubution function and a 2-Maxwellian dsiutibution
function.
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Figure 65. Spectrum for Maxwelliun and 2-Maxwellian distributions. Thw parameters of the Maxwelliun
distribution are 1. 12 cm' and 12 keV. The parameters of the 2-Maxwellian distribution are
2.67 cm"' , 3.1 keV. 0.625 cm"', and 25.1 keV. Note that the total flux for the 2-Maxweilian is
twice that of the Maxwellian.

The SCATHA satellite determined that significant levels of spacecraft charging
(greater than -100 V) can occur under the following conditions (Mullen and
Gussenhoven, 1982):

* Between 1900 and 0900 Local Time

• Any distance between 5.3 R, and 7.8 R,
• Any magnetic latitude between + 19 and - 19 degrees
* Any L-shell value between 5,5 and 8,6

• Any period where K,, >- 2+. where K. is the nmgnetic activity index.
Charging outside this region can occur at any time electron fluxes at energies between

about .0 and 70 keV exceed 6 x 1O0 cm-I s r'eVz' in a plasa-shiect-type low-nergy
particle environment.

A worst-case event occurred on March 13, 1989 at 0700 UT. the "Gre, Magnetic
Storm." where the magnetosphere was compressed from t0 R, to 6.6 R, (Wilkinon.
19901. Satellites in geosynchronoun ow it were exposed directly to the radar wind. There
were seveml other stortms during the peak or the solar cycle. ThIe i.e no infomaition on
paunile fluxes or distribution functions below 2 MeV preently available.

When doing a pomtanomtaly analysis it is usually desimble to use an environmental
description that fits the actual environment. Two-Maxweltian distributions ame better
approximadions to s,•p• plasmas than Maxwellian distributions (since they have more
free pammeterý). This repre.,ntaion, in mot case,,. fis the data quite adequwely over the
energy "rtae of impoetance to .qaccruaf charging. It incorpo•tes the stintplicity of the
Maxwellian distibution while maiaWiog a physically uasmmable picture of the pl.am
Purvis ce al.. 1941.
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A.2 The Auroral Environment

The plasma environment of a spacecraft in low-altitude, polar orbit is more complex
than that of geosynchronous spacecraft. Table 25 shows the environmental parameters in
the auroral region. The auroral zones are characterized by visible auroral displays and
intense particle and field variations. The necessary conditions for charging appear to be a
thermal plasma density less than IOW cm- and a high integral electron number flux for
energies greater than 14 keV.

Table 25.
Finvironmnentul Punnmeterm in the Auroni1 Region during Quiet Times

Plasma density IV ~to to'" In

Pliasma thennal energy 0.1 eV
Debye length 1 en'
toon iecis 0'. H'. WW other-,
Ram ion cw'rcnt 5 x10"'A in"

Ram Ion enemgy seV
Ion much numbtr 7
Magnetic fewd 0.3 to 0.7 (au~x
Debris and vmoreld Significant
Phtxoemiison cumw 30) pA in

The environment at aurora) latitudes in the Ionosphere is different from that of
.goosynebronotas orbit In two ronjor way%. FirA.t there exists a large reservoir of high-
density, cold plasma that tonds lo suppress chaging effects by Providing an ample source
of neutralizing curtent. Second. auroral electrons are often observed to undergo field-.
aligned accelerutions of several kilovolts. Severe .charging enviroanwents rat auroral
laitudes are mote intows. Since low-altitude. polar-orbiting spacecraft is in the aurorat
region only part of the time. severe charging events occur Its freuently than on
geosynchronous spcemrft. Table 26 shows the covironawnt:) parameters during An
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Table 26.
Environmental Parameters during Aurora

Charging current intensity 1(X) mAn mr

Charging current directionality Anisotropic

Charging pla.•ma density 10' to 107 Mi"

Charectenistic plasma energy I to I00 keV

Spectrum Accelera distribution

Background plasma density I(f to 1W0 m-.

Time spacecrtft in most disturbed region Under I minute

Using several million high latitude spectra from the DMSP satellites, Hardy
et a1, 1985) show two distinct regions of plasma. The hot plasma that causes spacecraft
charging is in an annular region about the pole. The plasmai between the poleward edge of
tle annular region and the pole is colder.

The mot severe charging environments for low-altitude, polar-orbiting satellites are
associated with westward traveling suWges and invested-V events. Within the poleward
bulge of the westward surge. significant numbers of electrons extending out to high
energies appear to be preent. This indicates that the bulge region may be a severe
charging region, Whereas the westward traveling surge is generally localized to the night
side near local midnight, extending toward local dusk. the inverted Vs have been reported
at all magnetic local times (Lin and Hoffman. 1979a; Un and Hoffman. 1979b]. Mullen
and Gussenhoven ( 19821 showed that the most sewere charging events are am-oated with
strong fluxes with energiets greater than .10 keV, In two inverted-V events in January.
1983. the satellite was shown to chue signilicantly. and the chargin level appaed.to
be directly coelated with the integral flux of electrans over 10 keV.

The %evere charging environmonts aWar on the night tide.of the aurra and can have
electron current density value, up to 10 nA cem" and chmareriic etwetgi. of up. o
I I keV. 11e anlienst thamal pl*uua-'partiAes with energy under 2 eV-•Aso Vwries. Al
finwe'•. wvere aurora. can he accompanied by low amnienl pl&a density. It is during
thci•c evet,- twha the highet quwac potentials develop.

The charging event% in the auroral regihm tend to be noor loten. tlun at
ge~oynochnous aldtiud••e hot are of •betr duation., ten of voAd.s rather thia, miuties.

Charging over 100 V u• likely to oau uNk. the followiwg conditio i(sseabovn al
al., 1g98i:

* The plaim enty i%, lem than I0' em.

* The integral numbcr flut for t gics great ta 14 kcV is greaer than
I• cm :' sr' •)

The highe.t potenmial. develop when thert is a 'sver !ocalized dro t of ion PIaMM
dcn-.ity. This condition ucvmr more often dotin moAr miaimum conditions (Fmonamcks
and Sojka. lg92l.
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One worst-case event was observed by the DMSP satellite on December 31. 1983
[Gussenhoven et al., 19851. This event had the longest charging duration seen on any
DMSP satellite, 62 seconds [Yeh and Gussenhoven, 19871. The spacecraft potential
reached a peak value of-462 V.

The measured parameters were as follows:

Thermal ion density 12.2 cm-'
Integrated flux of electrons 2.39 x tOf' cm' .
Integrated flux of electrons (greater ihan 14 keV) 2.33 x I0" cm"2 s"!-r"

Integratd flux (ion peA) I.AX •i0" Sm s*% •"

Pontheim el al. (1982] suggested that high-latitude precipitating electrons that would
be expected to influence spacecraft charging significantly could be represented by the
superposition of three distributions: a power law, a Maxwellian, and a Gaussian. Analytic
functions are easily manipulated to find the charging potential of a spacecraft and provide
physical parameters that give insight to the nature of the precipitating electron
environment. The sum of thure distributions is used to fit the energy spec'ra of
precipitating electrons.

0(E) 04, + ,+ +4 (20)

where

(21)

i E 4,11()

AcEC (- 123)

16fr etpre*s a powce law polplatlwi finked to the tcigty of the p cotwiniilg primay
lekan beam. a, ip d of ,%c-oahiis and backseattd primariet. 0,m rewoti 4

Maiiw 0li iilion with thee S desc0 b.ng ia he wNot flux rot mediium and

high etrgic, 0O repreents a 1roft vnhancemelat thm can bet be dawribed by a
Ga sion di"tiou. Figure 66 show% a thim &mdbudatia.
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Figure 66. Fontheimndistribu'ion forA =3x 10'nm", aX= 1.1,IF =50eV, EL = 1.6x WO ,n=6x 1W
rý ý3 = 8 ke.V, A, = 4 x 10m" E,, = 24 keV, A = 16 keV.

Fontb, im distributions for most environwcnts have the parameters given in Table 27.

Table 27.
Typical Fontheim Distribution Parameters

I Barker, 19861

Ej;I, 10-20 eV

EPIt I keV

S2.54,5
A I-l) keV

E, 5-15 keV

n Io,-lo) in'

kT 1-20 keV

The parameters AP and A. can be expressed througlh pp and p. that express the fraction
ot current contained in the power and Gaussian portion of the distribution:

J• JaPG jP = - jo (24)PP j V +jM +JG J p + Ji + JC

A.3 Effect of Electron Energy on Charging

In Chapter 2 specific environments are given for use in hazard analysis. Figures 67 and
68 Ahow how charging is affected by how energetic the environment is. Figure 67 shows
Matchg results of the equilibrium potential for spheres in environments of different
energies. For most materials, over most of the temperature range, the equilibrium
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potential increases roughiy linearly with temperature. Some materials show a threshold
effect, where little charging occurs until a threshold temperature is reached. The threshold
effect seen here for sorne materials is an example of the threshold effect seen on all
spacecraft [Lafftmboise ard Kamitsuma. 1983; Lai et al., 1983; Olsen, 19831.

Electron Temperature (keV)

6 8 10 12 14 16 18

.0

0*

-40

-U- Aluminum ----3--- Aquadg -,- Opaint -4---- Gold

• Indox -•- Kapton • Magnesium o Npaint

•X Screen -E- Silver -4-- SiO2 " Solar

S- Teflon

Figure 67. Equilibrium potential of a sphere in a geosynchronous substorm as a function of substorm
energy for various materials. The environment is the ,severe substorm environment except for

S~the electron and ion Maxwellian temperatures. Their ratio is kept constant for all the
calculations.

Figure 68 shows su-hgr results of the equilibrium potential for I-meter-radius spheres
in auroral environments of different energies. The equilibrium potential increases slightly

faster than linearly and no threshold effect is seen in this range of energies.
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Hot Electron Temperature (keV)

4 6 8 10 12

0.0

• -0.3.0

-0.5

-- Aluminum ------- Aquadg Cpaint ----- Gold

Indox -- t)" Kapton -• Magnesium 0 Npaint

-X- Screen - ý- Silver -4-- SiO2 - - Solar

Teflon

Figure 68. Equilibrium potential of a sphere in an aurora as a function of aurora energy for various
materials. The environment is the severe auroral environment except for the electron
Maxwellian temperature, the upper and lower cutoffs of the power law, and the energy the
Gaussian is centered about. The ratio between these quantities is kept constant for all the
calculations.
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Appendix B

Material Properties

The properties of the spacecraft surface materials determine the charging rates and
total charging of spacecraft. The properties used in the calculations are the secondary
emission yield, the backscatter yield, the photoelectron yield, the conductivity, the
dielectric constant, and the thickness. The models described here are those used by the
NASCAP/GEO and POLAR codes.

B.1 Secondary Electron Emission Due to Electron Impact

Secondary electrons are those emitted from a surface, with energies below 50 eV, due
to the impingement of higher energy particles. Their energy distribution is usually peaked
below 10 eV. The secondary yield, 8, is the ratio of primary to secondary electron
current.

8= emitted secondary current due to electron impact (25)
primary electron current

The secondary electron emission yield, 8, can be calculated using the empirical
formula [Katz et al., 1977a]:

8(0) = Cf) d e ax Co$ed x (26)

where x is the path length of penetration of a primary electron beam into the material, R
is the "range," or maximum penetration length, and 0 is the angle of incidence of the
primary electron.

This equation is based upon a simple physical model [Hackenberg and Brauer, 1959]:
I. The number of secondary electrons produced by the primary beam at a distance x

is proportional to the energy loss of the beam or "stopping power" of the material,

S(E)- dE.

2. The fraction of the secondaries that migrate to the surface and escape decreases
exponentially with depth (f = e" "" "). Thus only those produced within a few
multiples of the distance I/a (the depth of escape) from the surface contribute
significantly to the observed yield.
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The stopping power for incident electrons of energy E is related to the range of these
electrons through the equation

S(E) = dx _I (27)

Ndx d

The usual formulation for the range is that it increases with the energy, E, of the
incident electrons in a way that approximates a simple power law [Feldman, 1960]:

R = bEW (28)

where 1.0 < n < 2.0.

Because the primary beam loses energy as it passes through the material, E, and
S(Eo, x) (where E,, is the initial electron energy) depend on the path length x. The
stopping power can be written as

dEl dR I IbV /n
-x ="= I ---- (29)

1 dxl d E nb kR-xJ

Figure 69 shows S(E,,, x) plotted against x for several values of E,. Inspection of
Figure 69 and the equation for S(x) illustrates the following points:

1. S(Eo, x) increases with x, slowly at first, before reaching a singularity as x
approaches R.

2. The initial value of S(E,, x) decreases with increasing initial energy E,.
Both of these observations are due to the decrease in electron-atom collision cross-

section with increasing energy.
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Figure 69. Energy deposition profiles of normally incident primary electrons for four incident energies
E',, E'•, E'•, and E• and corresponding yield curve.

The yield is only sensitive to the details of the stopping-power depth-dependence for
initial energies with ranges of the same order as the escape depth, R ~ I/a• (i.e., about the
maximum of the yield curve). For lower energies. R << l/a•,essentially all the primary
energy is available for detectable secondary production, leading to a linear increase in
yield with increasing E,,. At higher energies. where R >> I/az, S(E,,. x) remains almost
constant over the depth of escape. Therefore along with S(E~,, x) the yield decreases as E,,
increases.

Taking this into account, the stopping power can be approximated by a linear
expansion in x, about x = 0.

dE~dRV (dIR '( dR'1"

E. E U I (0

E0

Patb LE ng(31)

(a) Nd,) • -

Teuyielsonl s8densitiveto aeuthel detiscrif the stopinge-epoerimeptah-dependene frng
intal enfergesnwth rapngens ofo the saenorerg and theg esaery Adexpthnt-I/a range. aboutithe
maximumr of theb yibldn cunve).tFtor loperienerges dRt <<ettaessnilyal.h rmr

For materials where no suitable data is available, a monogxponentiaa forn can be
generated using Feldman's empirical relationships IFeldman. 1960x , connecting b and E

to atomic data.
b = 250A + pZ )" x (32)
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n = 1.2/(0-0.29 log,, Z) (33)

where A is the atomic or molecular weight of the material, Z is the atomic number, and p
is the density in gm cm3 . Then E is in keV and R is in angstrom• in Equation 28. The
stopping power is then obtained indirectly with the equation above. Theoretical estimates
of the stopping power for a number of materials are available from Ashley et al. [ .478].
Comparison of these values with those implied by the range data showed significanc
discrepancies, particularly for those materials fit using Feldman's formula. The best
approach is to fit the four parameters in the equation for R directly to the stopping power
data.

S=(n, b, E`'-' +n, b2 E"n)2 . (34)

Burke et al. (1970] propose a relationship between secondary emission due to electrons
below I keV and secondary emission due to higher energy particles, including gamma
radiation from Co').

B.2 Secondary Electron Emission Due to Ion Impact

Secondary emission of electrons due to ion impact can be treated in a way similar to
that for electron impact. The yield A is given by

A(O) = C e - -dx . (35)

The stopping power is assumed to be independent of path length x over the thickness,
t, of the sample. At low energies the stopping power is proportional to the velocity, and at
high energies it is inversely proportional to the velocity [Stemglass, 1957).

LdE I (36)
dx I+E/Emu

E,,, is the energy at the maximum in the yield curve. This is approximately 50 keV for
most materials. The yield curve for aluminum is shown in Figure 70.
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Figure 70. Secondary electron emission by aluminum for proton impact at normal incidence;
experimental points as indicated.lAarset et al.. 1954; Cousinie et al.. 1959; Foli et W.. 1974.
Hill et Wl., 19391.

B.3 Backscatter

Backscattered electrons are those emitted from the surface with energies above 50 eV.
Their energy distribution is usually peaked close to the primary incident energy and they
may be considered as reflected electrons.

The NASCAP/GEO and POLAR codes use a backscattering theory (Katz et al., 1977b]
based on that of Everhart (1960) as extended by McAfee 11976). It assumes a single
scattering in accordance with the Ruthertfrd cross-section and the Thomson-Widdington
slowing down law.

dx (37)

(valid for most metals for E > 10 keV). For normal incidence the backscattering
coefficient is given by

U38)

where a is taken to be 0.0375 Z and where Z ks the atomic number of the mateuial. This
expmres.on .uucheq the experimental data.

127



The large-angle scattering theory, together with Monte Carlo data and experiments by
Darlington and Cosslett [ 19721 indicate that the angular depepdence of backscattering is
well-described by

1'(O) = rl,, exp[i, (I - cos•)] (39)

where the value of iI is, within the uncertainty in the data, what would be obtained by
assuming total backscattering at glancing incidence, 1l = -log -q,,. The net albedo for an
isotropic flux is then

A, (loT=21- q(logtj 1 ) (40)(log •,).•(o

As the energy is decreased below 10 keV, the backscattering increases. Data cited by
Shimizu [1974] indicate an increase of about 0.1. almost independent of Z. This
component of backscattering can be approximated by

Tq, =o.l exp t-E/5 keVY. (41)

At very low energies, the backscattering coefficient becomes very small and, below
50 cV. backscattering and secondary emission are indistinguishable. This can be taken
into account by a factor ol'

O(E5eV[- ]lg E-42ltog 20J SOWV (2

The formula for energy-dependent backscattering, incorpomating these assumptions, is
then

11. =(lEiB)e(E-0.05(jL~jgj'I 1 (4.1)

where enrgie.s are masured in keV.

IL4 Pbotoem"sson

Usually the quantity known is the yield, or number of electrons mdited for a surface
normally exposed to the solur .pectrum, an "earth distance" frot the sun. The
photocuvent frot asura expd to theun at an angle 0 tb; give n by the fonula

i,,. (A.• cxposed) Y casO. (44)

This as.umes thai the yield per photon is. on average. indepenent of 0.
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B.5 Conductivity

The bulk conductivity a,, is usually constant. The conductivity can be enhanced by
fields across the dielectric film and by high energy electron fluxes.

B.5.1 Field-Induced Conductivity

Consider a thin dielectric film of thickness d covering an underlying conductor. If the
potential of the dielectric surface V,, differs from the potential of the conductor V,. current
will flow from the surface to its underlying conductor due to bulk conductivity.

IQ =GAV =G(V 1- VJ - (45)

G is the bulk conductance of the saniple in inhos. If a is the conductivity in mhos m" and
A is the area of the sample in m2.

G = _.A (46)d

S (V -V (47)

I depends on (V. - V,) in a nonlinear way due to the electric field enhancwnt of 0.
A.swuhig a thin film, thleld Ei F 6given by

(48)d.

Ademec and CaWderwood (19751 have. hown that a depeud% on E in the following
way:

(C $+C (49)

whMr

a d J" ~(50)

aWd q is the d on the ee•d -and t is the dWecmt wagam of the material.
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B.5.2 Radiation-Induced Conductivity

Dielectric materials have characteristically small bulk conductivities due to their
electron band structure. Unlike metals, the delocalized conduction bands are empty at
normal temperatures and electrons are strongly localized in the regions close to individual
nuclei. However, under the influence of an exciting source, nonconducting electrons can
be promoted into the conduction bands, leading to an increase in the bulk conductivity.
High energy electrons passing through the dielectric provide such an excitation source.

Studies [Schnuelle et al., 1981j suggest that the penetrating fluxes may influence the
degree of differential charging by increasing the bulk conductivity. This enhancement due
to high energy electron fluxes is described as the "radiation-induced" conductivity F,.

Frederickson (19771 has expressed ;, in tertas of the dose rate band two parameters k
and A.

k, =kD) (51)

k and A are characteristic of each material and A usually lies between 0.5 and L.0. The
dose rate can be estimated from the stopping power S for electrons in the medium of
interest.

()=d R (52)
dx

The dose rate is measured aos energy deposited per unit mass per econd (i.e..
Ad s=.' - 100 erg g=' s='). Stopping power 6s meured as- energy depliited per paunicle per

unit thickness of the .ample. Dividing S(E) by the density p of the inmple gives the
-energy deposited per particle per unit mas of the material multiplied by unit area, The
product of this quantity with the flux (particles per unit aea per second) give the
required dose rate:

=nflux . .(53)
P

The flux of incident electrao due to a ptasma with ditribution ftunion f) is givvn
by:

pit4)
|)-(F. a J lI(Ed. (55)

A numbet of moel fOr the ae gy scrutwm of high energy flu" in to pa hasv beca
SAAl show a Mlllvi) lik b:ehavior. ie..
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f(E) = N (L ) )(56)

The AE3 model [Hilbert. 19791 implies a value of 3 x 10W in for the density N and
2.5 x I10- kiV for the temperature T at geosynchronous orbit. Electrons in this energy
range arc relativistic; i.e.. their velocity is close to that of light and so the weight function
E in the integral above should be replaced by mc. This is conlirned by a plot of <nf>
against E. which shows the same exponential behavior.

!I-cIlN e"' T S(E)dE (57)
pm 2xT)In

(where we assured the contribution from nonpenctrating electrons with energies below
50 keV is negligible.)

The dose rate is calculated for each material by integrating the above equation from
50 keV to 4 T. If all energies am in kcV and S(E) is in keV A" and I Li the value of the
iftgral:

mN ( L I kcVIA=' (8)

Substhuing:
N I I oD=1.38x 10 - m S (59)

pTv-

whe N is in m' p s In kg m'and Tis in kcV.

Reduickwon 11977) hs pOinted out that k is often known to within only 2 odcv- of
magn&tudk and A valueW are umdally cl'ow to I. Rikatonable values ofk = I Ix'1 tahos
cm (rOad S) = I x I0'mho" m ) I and A = The Ity of p1101" and (ther
Inuat depenm, very much on the pant ur arm* and mtamf•uer A mabti
va" % I x lWkgm'.



Appendix C

Calculations Shown in the Text

C.1 Yields and Current Voltage Relations

Matchg is used to compute the yields and current-voltage relations shown in Figures
7. 8, and 9 of Chapter 2. The change environment command is used to set the
environment to the severe substorm environment. The surface material is set to be kapton
and the default properties displayed. A table and then a plot of the secondary and
backscatter emission coefficients are requested. The range of potentials for which
currents are to be calculated is set and then a current-voltage table and plot are requested.
A table and a plot of potential and current as a function of time are requested. And finally
a summary of potentials and currents before and after charging is requested. Similar
information is requested for silver. For additional information on the use of Matchg see
Mandell. et al. [ 19841.

WELCOME TO * NATCHO'. A MATERIAL CHARGIRG
PROGRAM. TYPE 'HELP* AT ANY TIME FOR ASSISTANCE.
MATERIAL IS GOLD
ENVIRONMENT NOW SINGLE KAXWELLIAN

change env toe 12

ENVIRONMENT IS A SINGLE MAXUELLIAN

ELECTRONS: NEI = 100E06 IN*M-3) TEl z 12.000 KEV
IONS : N1I = 1,OOE+06 (M**-3) Tl = 1.000 KEV

change enyi til 29.5

ENVIRONMENT IS A SINGLE MAX0ELLIAN

ELECTRONS: NEI = 1.OOE+06 (M""-3) TEl = 12.000 KEV
IONS NIl = 1.00+E06 (M"*-3) T1l = 29.500 KEV

change emnv notl 1.12&6

ENVIRONMENr IS A SINGLE MAXWELLIAN

ELECTRONS: NEI = 1.12E+06 (M*0-3) TEl = 12.000 J(EV
IONS : NIl = 1.00E÷06 (M*1-3) TII = 29.500 KEV

change envr nil .236*6

ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NEI = 1.12E+06 (MN*-3) TEl = 12.000 KEV
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IONS :NIl m2.36E+05 W(-3) T11 29,500 KEV

list angle

ANGULAR DISTRIBUTION IS ISOTROPIC

list simission

EMISSION FOIUUJATION IS ANGL..

cbau" not* kapt

MATERIAL IS kapt

list praput~ies all

MATERIAL -u t
PROPERTY INPUT VALU CODE VALUEZ

I DIELECTIC CONSTANT 3.50S+OO (NONE) ).5OE*00 (NONE)
2 ¶WICKNESS 1.27E-04 METERS 1.27E-04 MESH
3 CrAMUCTIVITY )..OOE-16 ICIOIN I1.008-16 WHO*/3
4 ATOMIC NUMBER 5-OOE.OO (NONE) 5.0OE.00 (NONE)
5 DELTA INACOEFP 2.10z00, (N"NE) 4.06E+01 (NONE)
6 E-KkX.ETK- 1.5f8-01 KEV 8.74E-02 ANG-01
7 RANGE 7.15E*01 AWG 4.29E*01 AM,.
0 EXPONEMT1 RANGE 6.008-01 (NOWE 5.52E*02 AMG.
9 MANGEb LXPCNW1 3,12i*O2 AUG. 6.008-01 (Noma)
to EXP0NI1 1,779*00 (NONE 1,77z.00 (NON!)
11 YIELD Fc.R We~v PROTONS 4.5Ss1'01 (NONE) 4.SSR-01 NWONE)
12 MMA DVOe FO PRYOTONS .1.40E*02 )KRV 1.409*02 KEY
I1I PNHYfOICJPRRET 2.00E-05 A/N"2 2.O00!05 AW*~2
44 SURFACE RESISflV1TYV 1,008.16i OIO 8.859*04 V-SIQ

table *11

TAILS 0SMATIP USZ1A3 Z$Omhwl3)! SEtc wLU mv~. ft. SW
0 lot- 2.444 0.115 0.036
0.200 3.1sl 0.230 .0.051,
0.100 3ý30,22 01062
0.400 2.142 .01282 01012
01544 21460 0.246 0.090
0.6002-11 01107 14

t14020001115 0.201
omoO 1 015 0 ' 22 01260

.0.311
a 040 041.204360

0.206110
'44% 0.424 0.212

.4.000 0.J)", 06.2 is$3
0ý ON0.254 2.543

0,0to154

000 0094 ,23~ 4.416
~.00P.410.232. 4.74A

4.009*004



3 3OOE+00ý

2. ooE+00+*

1.0OE+00+

VEND +00 -. O +0 -E-+ -V

table iv

V JTOT JE JSECE JBSCAT JI JSECI
0.O0E+00 -1.62E-06 -3.30E-06 7.33E-07 8.01E-07 2.54E-08 1.14E-07

-1.43E+00 -1.42E-06 -2.93E-06 6.51E-07 7.11E-07 2.66E-08 1.20E-07
-2.86E+00 -1.23E-06 -2.60E-06 5.78E-07 6.31E-07 2,79E-08 1.25E-07
-4.29E+00 -1.07E-06 -2.31E-06 5.13E-07 5.60E-07 2.91E-08 1.31E-07
-5.71E+00 -9,22E-07 -2.05E-06 4.55E-07 4.97E-07 3.03E-08 1.370--07
-7.14E+00 -7.91E-07 -1,82E-06 4.04E-07 4.41E-07 3,15E-08 1.44B-07
-8.57E+00 -6.73E-07 -1.61E-06 3.59E-07 3.92E-07 3.28E-08 1.50E-07
-l.UOE+01 -5.68E-07 -1.43E-06 3.19E--07 3.48E-07 3.40E-08 1.56E-07
-1. 14E+01 -4. 73E-07 -1. 27E-06 2. 83E-07 3. 09E-07 3.,52E-08 1. 63E-07
-1.29E+01 -3.88E-07 -1.13E-06 2.51E-07 2.74E-07 3.64E-08 1.69E-07
-1.43E+01 -3.11E-07 -1.OOE-06 2.23E-07 2.43E-07 3.77E-08 1.76E-07
-1. 57E+01 -2.,42E-07 -8. 90E-07 1 .98~E-07 2. 16E-07 3. 89E-08 1. 83E-07
-]..71E+01 -1.79E-07 -7.90E-07 1.76F-07 1.92E-07 4.01E-08 1.89E-07
-1.86E+01 -1.23E-07 -7.(.,1E-07 1.56E-07 1.70E-07 4,13E-08 1.96E-07
-2.OOE+01 -7.15E-08 -6.23E-07 1.38E-07 I.51J-0) 4.26E-08 2.03E-07
-2.14E+01 -2.50E-08 -5.53E-07 1.23E-07 1.34E-07 4.38E-08 2.10E-07
-2. 29E+01 1. 75E-08 -4. 91E-07 1. 09E-07 1. 19E-07 4.,50E-08 2. 17F.-07
-2.43E+01 5.62E-08 -4,36E-07 9.69E-08 1.06E-07 4.62E-08 2.24E-07
-2.57E+01 9.16E-08 -.3.87E-07 8.60E-08 9.39E-08 4,75E-08 2.31E-07
-2.71E+01 1.24E-07 -3.43E-07 7.64E-08 8.34E-08 4.87E-08 2.38E-07
-2.86E+Uj1 1.54E-07 -3.05E-07 6.78E-08 7.40E-08 4.99E-08 2.45E-07

plot iv

1.OOE-06+
I
I
I



S. 00E-07+
1
I
I * * *

0. OOE+00-

-5.00F8-07+

-1. .00-06+.

- 2 .0 E 0 -- - - - - - - - ---- - - - -- - - - - - - - - - - - - - - -
-3.0 -2.0* -00 *E0 00

--20------------------------------------------
* -30.00 O.O20.00 -10.6E006.80 00

3.61E+0 -2,0E+0 -1330

V .2ND 0 -1. .880E0 3 -112V0

108E+03 -5.008E+03 -9.65E-06
1.64E+03 -6.57E+03 -8.438-07
1.18+0E-0 --7.70E+03 -7.43E-07
216E8+03 -8.71E+03 .-9.65E-07
12.54E+03 -96.57+03 -5.95E-07
2.89E+03 -1.04E+03 -5.38E-07
325E6+03 -8.712E+03 -6.689-07
32.61E+03 -9.28E+03 -4.47E-07
3.97E+03 -1.25E+04 -5.388--07
433S5+03 -1.12E+04 -3.789E-0,7
3.69E+03 -1.36E+G4 -3.49E-07
5.95E+03 -1.41E+04 -4.20E-07
.53.41+03 -1.45E+04 -- 3.78E-07
4.698+03 -.1.36E+04 -3.49E-07
5.13E+03 -1.51E+04 -2.60E-07
5.49E+03 -1.457Et04 . -3.40E-07
5.785+03 -1.60E+04 -2.728E-07
7.213E+03 -1.53E+04 -2.608-07
6.47E+03 -1.66E+04 -2.438-07
7.95E+03 -1.60E+04 -1.288E-07
8.30E+03 -1.73E+04 -1.77E-07
7.67E+03 -1.76E+04 -1.00E-07
9.02E+03 -1.79E+04 -1.888,-07
8.38E+03 -1.79E+04 -1.47E-07

9.74E+03 -1,81E+04 -1..408-07
1.01E+04 -1.83+04 -1.33E-07
1.05E+04 -1.R5E+04 -1.25E-07
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1.08E+04 -1.87E+04 -1.19E-07
1.12E+04 -1.88E+04 -1.12E-07
1.15E+04 -1 90E+04 -1.07E-07
1.19E+04 -1.92E+04 -1.OE-07

!1.23z+04 -1.93E+04 - -9.59E-08
1.26B-ý04 -1.94E+04 -9.11E-09
1.30E+04 -1.96E+04 -8.65E-08
1.33E+04 -1.97E+04 -8.22E-08
1.37E+04 -1.9aE+04 -7.81E-08
1.41E+04 -1.99E40, -7.43E-08
1.44E+04 -2.00E+04 -7.06E-08
1.48E+04 -2.01E+04 -6.72E-08
1.51E+04 -2.02E+04 -6.40E-08
1.55E+04 -2.03E+04 -6.09E-08
1.59E+04 -2.G4E+04 -5.80E-08
1.62E+04 -2.05E+04 -5.53E-08
1.66E+04 -2.06E*04 -5.27E-08
1.70E+04 -2.06E+04 -5.02E-08
1.73E+04 -2.0 7 E+04 -4.79E-08
1.77E÷04 -2.08E+04 -4.57E-08

plot charge

1.OOE+04+
I
I
I~I
I

0.00E+00*
-- I*

I **

-. OOE+04+

- •- .00E+04÷ 300.**00. 9*0.*,2E04**5*04 1.**0

S~I

I
S~I

S-2.00E+04+ .. . . .. +. .. . . *.. .. . .+ . . ... +.. . . . + .........

POTENTIAL (VOLTS) VS TIME (SECONDS)

•m result char:ge

CYCLE I TIME 0.00E+00 SECONDS POTENTIAL 0.00E+00 VOLTS
__•INCIDENT ELECTRON CURRENT -3.30E-06

mSECONDARY ELECTRONS 7,33E-07
BACKSCATTERED ELECTRONS 8.01E-07

INCIDENT PROTON CURRENT 2.54E-08
SECONDARY ELECTRONS 1.14E-07

S-••|BULK CONDUCTIVITY CURRENT 0 00E+00

zI

-3.OE+0+-------+-----------------+--------------------------+

-- 1 3 7

0.E0 00. 60..00 .E+4 15|0 .E0
POETAL(OTS STIE(iCNS

=eutcag



NET CURRENT -1.62E-06 AMPS/M**2
CYCLE 99 TIME 1.77E+04 SECONDS POTENTIAL -2.08E+04 VOLTS
INCIDENT ELECTRON CURRENT -5.84E-07

SECONDARY ELECTRONS 1.30E-07
BACKSCATTERED ELECTRONS 1.42E-07

INCIDENT PROTON CURRENT 4.32E-08
SECONDARY ELECTRONS 2.07E-07

BULK CONDUCTIVITY CURRENT 1.64E-08
NET CURRENT -4.57E-08 AMPS/M**2

change mate silver

MATERIAL IS silv

list properties all

MATERIAL = silv.
PROPERTY INPUT VALUE CODE VALUE

1 DIELECTRIC CONSTANT 1.OOE+00 (NONE) 1.OOE+00 (NONE)
2 THICKNESS 1.00E-03 METERS 1.00E-03 MESH
3 CONDUCTIVITY -l.OOE+00 MHO/M -1.OOE+00 MHO/M
4 ATOMIC NUMBER 4.70E+01 (NONE) 4.70E+01 (NONE)
5 DELTA MAX>COEFF 1.OOE+00 (NONE) 3.09E+00 (NONE)
6 E-MAX >DEPTH**-1 8.OOE-01 KEV 1.58E-02 ANG-01
7 RANGE 8.45E+01 ANG. 6.93E+01 ANG.
8 EXPONENT> RANGE 8.20E-01 (NONE) 1.38E+02 ANG.
9 RANGE> EXPONENT 7.94E+01 ANG. 8.20E-01 (NONE)

10 EXPONENT 1.74E+00 (NONE) 1.74E+00 (NONE)
11 YIELD FOR 1KEV PROTONS 4.90E-01 (NONE) 4.90E-01 (NONE)
12 MAX DE/DX FOR PROTONS 1.23E+02 KEV 1.23E+02 KEV
13 PHOTOCURRENT 2.90E-05 A/M**2 2.90E-05 A/M**2
14 SURFACE RESISTIVITY -1.00E+00 OHMS -8.85E-12 V-S/Q

table all

TABLE GENERATED USING ISOTROPIC INCIDENT FLUX
ENERGY(KEV) EL. SEC. EL. BKSCAT. PR. SEC.

0.020 0.061 0.000 0.017
0.040 0.120 0.000 0.024
0.060 0.178 0.139 0.030
0.080 0.234 0.218 0.035
0.100 0.289 0.266 0.039
0.120 0.342 0.302 0.042
0.140 0.394 0.330 0.046
0,160 0.444 0.353 0.049
0.200 0.541 0.390 0.055
0.400 0.935 0.493 0.077
0.600 1.194 0.547 0.155
0.800 1.341 0.582 0.280
1,000 1.411 0.608 0.404
1.200 1,446 0.605 0,522
1.400 1.428 0,603 0.634
1.600 1.391 0.600 0.739
1.800 1.345 0,598 0.837
2,000 1,295 0.596 0,930
4,000 0.903 0,577 1,647
6.000 0.696 0.565 2,149
-. 000 0.573 0.556 2,542

10.000 0.491 0.551 2,866

plot secon
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1. 50E+0 0-.

1. 20E+00+*

ik9. OOE-01+ *

6. OOE-01+

3. 00E-~01*

0.OE+00 10.00 20.00 30.00 40.00 50.00 60.00
YIELD (FRACTION) VS. ENERGY (KEy)

change vend -30

VEND -3.00E+01 KEy

table iv

V JTOT JE JSECE JBSCAT JI JSECI
0.OOE+00 -1.37E-07 -3.30E-06 1.22E-06 1.80E-06 2.54E-08 1.18E-07

-1.43E+.00 -9.83E-08 -2.93E-06 1,08E-06 1.60E-06 2,66E-08 1.24E-07
-2. 86E+00 -6.32E-08 -2.60E-06 9.58E-07 1. 42E-06 2.79E-08 1. 30E-07
-4.29E+00 -3.10E-08 -2.31E-06 8.51E-07 1,265-06 2.91E-08 1.365-07
-5.71E+00 -1.44E-09 -2.05E-06 7,55E-07 1.125-06 3.035-08 1.42E-07
-7.145+00 2.575-08 -1.825-06 6.70E-07 9.93E-07 3.15E-08 1.49E-07
-8.57E+00 5.08E-08 -1.61E-06 5.95E-07 8.81E-07 3,285-08 1.555-07
-1.00E+01 7.40E-08 -1.43E-06 5.28E-07 7,82E-07 3.40E-08 1,625-07
.-1.14E+01 9.56E-08 -1.27E-06 4.69E-07 6.955-07 3.52E-08 1.685-07
-1.29E+01 1.16E-07 -1.13E-06 4.165-07 6,175-07 3.645-08 1.75E-07
-1.43E+01 1,34E-07 -1.00E-06 3.70E-07 5.47E-07 3.775-08 1.825-07
-1.57E+01 1.525-07 -8.90E-07 3.285-07 4.86E-07 3.89E-08 1.895-07
-1.71E+01 1.69E-07 -7.90E-07 2.915-07 4.315-07 4.015-08 1.96E-07
-1. 86E+01 1.845-07 -7.01E-07 2.59E-07 3.83E-07 4.135-08 2,03E-07
-2,005+01 1.995-07 -6.235-07 2.305-07 3.405-07 4.265-08 2.10E-07
-2.14E+01 2.135-07 -5.53E-07 2,045-07 3.023-07 4,385-08 2.17E-07
-2.295+01 2.275-07 -4.91E-07 1.81E-07 2.682-07 4.50E-08 2.245-07
-2.435+01 2.405-07 -4.36E-07 1.61E-07 2.38E-07 4.62E-08 2.315-07
-2.575+01 2.529-07 -3.875-07 1.435-07 2.11E-07 4.75E-08 2.385-07
-2,71E+01 2,645-07 -3.435-07 1.27E-07 1.87E-07 4.87E-08 2.45E-07
-2.865+01 2.765-07 -3.055-07 1.12E-07 1.66E-07 4.995-08 2.52E-07

plot iv

3. 003-07+
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m. I **

I

2. OOE-07+ *
I **

I *

I *

I *

1.OOE-07+ *
I *

. . .I *

-30.00E+00+ *
I
I *

- -I *

-1.ng ved-

I
I *
I
I

-2.00E-07+---------- -- -- -- +-----------

-30.00 -20.00 -10.00 0.01+00 10.00
-- :z=:CURRENT (AMPS) VS. VOLTAGE (KEV)

S.....change vaimd -I

VEND = -1.OOE+00 KEV

table charge

"T (SEC) V (VOLTS) I(AMPS/M**2)

0.00E+00 0.00E÷00 -1.37E-07
1.55E+02 -1.76E+03 -8.99E-08
3.10E÷02 -2,94E+03 -6.11E-08
4,66E+02 -3,76E+03 -4,25E-09
6.21E+02 -4,34E+03 -2.99E-08
7,76E+02 -4,74E+03 -2,12E-08
9.31E+02 -5.03E+03 -1.52E-08
1,09E+03 -5.24E+03 -1.09E-08
1,24E+03 -5,39E+03 -7.87E-09
1.40E+03 -5,50E+03 -5.68E-09
1.55E+03 -5.58E+03 -4.11E-09
1.71E+03 -5,64E+03 -2.98E-09
1.86E*03 -5.68E+03 -2,16E-09
2.02E+03 -5,71E+03 -1.57E-09
2.17E+03 -5.73E÷03 -1.14E-09
2.33E+03 -5.75E+03 -8.26E-10
2,48E+03 -5,76E+03 -6.00E-10
2.64E+03 -5.77E*03 -4,36E-10
2.79E+03 -5,77E+03 -3,17E-10
2.95E+03 -5.78E+03 -2.30E-10

plot charge

1.O E+03+
I
I

0.001.00*
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I
i
I

-1. 00E+03+*
I
1*

-2.OOE+03+
I

* I
-3.OOE+03+ *

I *
I *

-4.OOE+03+ *
I *
I *
I *

-5.OOE+03+

I ************ *

-6.00E+03 +-------------------.-.+------------.--- -+-----
0.OE+00 2000. 4000. 6000. 8000.

POTENTIAL (VOLTS) VS TIME (SECONDS)

result charge

CYCLE 1 TIME 0.OOE+00 SECONDS POTENTIAL 0.00+E00 VOLTS
INCIDENT ELECTRON CURRENT -3.30E-•06

SECONDARY ELECTRONS 1,22E-06
BACKSCATTERED ELECTRONS 1.80E-06

INCIDENT PROTON CURRENT i2.54E-08
SECONDARY ELECTRONS I. 18S-07

NET CURRENT -1.37E-07 AMPS/M442
CYCLE 40 TIME 7.61E+03 SECONDS . POTENTIAL -5.78E+03 VOLTS
INCIDENT ELECTRON CURRENT -2.042-06

SECONDARY ELECTRONS 7.51Z-07
BACKSCATTERED ELECTRONS I. 11F-06

INCIDENT PROTON CURRENT ... 048-08
SECONDARY ELECTRONS 1.,43E-07:

NET CURRENT -1.961-10 AMPS/H*43

GuLt•

C.2 Equilibrram Potenutul of Spacecraft In Aurora
A

Suchgr is ased to compute the current-voltage relation shown in Figure 10 in Clwptcr
2 and the powitials shown in Table 2 In Chapter 2. The environment commands are used
to set the environment to the severe aurrmal cnvironment, The spacecraft miach velocity is
set to 0.001 Orbit-limitted current collection is requesed. The surface material is set to be
kapton and the default properties displayed. A summary of potentials and currents before
and after charging is requested. Similar information is requested for silver. Then space.
charge-limited current (ollection is requested and the spacecraft radius is set to be I in.
The surface material is set to be kapton and a sunmmary of potentials and currents before
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and after charging is requested. Similarly for silver. The spacecraft radius is set to 10 m
and the potentials and currents for kapton and ,iiter. The mach velocity is set to 8. The
current-voltage relation is requested for a I ni kapton sphere with a mach velocity of 8.
And finally, the space-charge-limited calculations are repeated. For additional
information on the use of suchgr see Lilley et al. [ 1989].

Welcome to SUCHGR 1.3

***ERROR - READMS - LUN 11 KEY= I NOT PREVIOUSLY WRITTEN.
*'ERROR - REAMKS - LUN 19 KEY=CONT NOT PREVIOUSLY WRITTEN.
***ERROR - READMS - LUN 19 KEY=MT19 NOT PREVIOUSLY WRITTEN.

Default material is
Default environment is DMSP

SUCHGR commanid >> DENi 3.55.9

SUCHGR coamand >> TfhPI 0.3

SUCHGR command >> D3N2 6.035

SIJCHGR command >> TMP2 6.033

SUCHGR command >> GC= 4.0.4

SUCHGR comand :> UD!UT 2.484

SUCHGR command >> DMAI& 1.634

SUCHGR command >> POWC 3.0311

SUCHGR comnmd >> PALM 1.1

SUCHOR command ,> IC•"TL 50.0

SUCHOR command P,> VCU 1.6l

SUCHOR command v ow -5000

SUCHOR command a wvmach .001

SUCHGR command >> o•blia

SUCHOR command >. mate kapton
Setting default values for Sdterial KAP.

SUCIOR command > %asow Note

material Properties Keywords & Current Settings
Keyword Description Values Units

MATNAM Material Name KAPI (nonei
DIELEC Dielectric Constant 3. 000e000 (non*)
THICK Thickness I .2700e-04 meters
COMMtJCT Conductivity 1,0000e-16 N4O/N
ATOh= Atomic Nupber 5.0000e#O0 (none)
DELTAMAX Delta max 2.1000e0O0 (none)
E1AX E-Max L.S000e-Ol keV
RANIGE Rangej1 7. 14800#01 angstroms
EXPI ExponentA 6.0000e-Ol (none)
RANG82 Rnge_2 1. 1210e402 angstrom
EXP2 Ex£on.nt.2 1. 7700e.00 inone)
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PROYIELD Yield for lkeV Protons 4.5500e-01 (none)
PROMAX Max de/dx for Protons 1.4000e+02 keV
PHOTOCUR Photo Current 2.00OOe-05 amps/meter**2
RESIST Surface Resistivity 1.0000e+16 ohms
SPDISCHR Space Discharge Potential 1.0000e÷04 volts
INDISCHR Interal Discharge Potential 20000e+03 volts
RICCOEFF Radn-Induced Cond. Coeff 1.00OOe-13 MHOMS3
RICPOWER Radn-Induced Cond. Power 1.0000e+00 (none)
MATDENS Density 1.0000o+03 kg/m*3

SUCHGR command >> chare

Charged under Orbit Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -9.4500e+00 volts
Conductor Potential 0.0000e+00 0.0000e÷00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.58l8e-05 A/m'*2
Electron Secondary Flux 2.8429e-06 2.1478e-06 A/m*12
Backscattered Electron Flux 1.7080e-06 1.7026e-06 A/m**2

Incident Ion Flux 2.4901e-07 1.1965e-05 A/m*02
Ion Secondary Flux 0.0000e+00 3.3425e-08 AWm02

Photo Flux O.O000e*O0 O.0000e*O0 Alm*42
Conduction Flux O.000eeO0 0.O000eO0 A/m**2

Total Flux -*.3723e-0S 3,0142e-08 Alm'*2

SUClHOR coamand : P1,ne silwvr
Setting default values for material SILV

SUCW*a command ab-: mto o

MIaterial Propertie KeWords & Current Settings
KeyWord Description Values Units

MA1 ANI Material Nam SILV (naoe)
DINLWC Dielectrlc Constant lO000e.O0 (none)
THICS Thickness 10000e-03 meters
COMDUC? Conductivity .O00e409-00 M4om
AIONMU Atomic Number 4,7000eO1 (ntoM*
DIZLrAMM Delta Max 1.0000.O00 (nWOn
IMAX a-Max 8.00000-01 keV
RMAWl Ra*Wet1 8,4460eOl aWmatraft
UKPI atwpoWtlt. 1 8,2000#-Oi (nhWW1
flA2U ange.2 7.9e)oe.Ol angatroms
1XVl2 onentj.. 1,"400#e4O0 (nonel
PROtltLP Yield for lkeV Pratose 419000-01 (ntnw)
PROM Max d8idx for Proton 1.20)00e.02 keV
PHOTctM photo Current 2.9000ae-O agsmetfte*2
XUSI6T Surface esistivity -k.D0000*e.OO 0u

0PDISCmR Space Vitcharge potential 1.0000#404 volts
INDISd IntterAl bitChAt•e POten*tial 2.0000e003 Vblts
RZICCOtPP Kam-xodacod Cond. Cooft 1.00000-13 16"93
RICOOMM Radn-tnduced Coad. Power 1.00000400 (ninbaol
"ATOM Density 1.0000O03 bkq••)

WOW, comum -. ebamr

Otbagod under Orhit Limited Regiao
Initial Vi"l units
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Surface Potential 0.0000e+00 -5.1500e+00 volts
Conductor Potential O.O0000eO0 O.0000eO0 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5829e-05 A/m*62
Electron Secondary Flux 2.8423e-06 2.7837e-06 A/m6*2
Backscattered Electron Flux 6.3595e-06 6.3535e-06 A/m"*2

Incidint Ion Flux 2.4901e-07 6.6337e-06 A/m**2
Ion Secondary Flux O.00000eO0 1.4865e-08 h/m**2

Photo Flux 0.0000e+00 0.0000e00 A/m**2
Conduction Flux 0.O000e.O0 OO.000e+00 AIm*42

Total Flux -4.9072e-05 -4.3569e-08 Ai/=*2

SUCWGR command > .eclin

SUCWGR command > mate 1

Material is changed to KAPT

SUCwaR Commnd !, Chaqp

Charged under Space Charge Limited lgiv*m
Initial Final Units

Surace Potential 0.0000e*00 -5Sl75%.02 volts
Conductor Potential 0..00000*00 0.0000.400 volts

Flux breakdr-m.
incident Electron Flux -S.85230-05 -l,514Se-05 AW"2
electron socondary Flux 218429.-04 1.S27e-06 A1m042
W akscat•tered ElectMon Flux 1.70600-06 1.5t12i-06 Alm*t4

ftwident Ion Flux 2.4S005e07 -1. 1600-s.0 A o.
1on $4eWoWty Flu$ 00000t400 .4 07 A

ftoto Flux 0.00QO4e00 0.00000*00 Aetm-2
ctbcinflubt 0.0000#*00 0.00000400 44

Tot4a Flux - -3.461 -0M0 Ai4,

:nit W4 hoth *adiv4- 1.000#4-00 meters AV10tw L0.00-0o
Final Sh5th RttiutA * A2.oo00 Y*ra *c * 1 00..'00 *ttert

Hatwrial ik eharow to SiLV

$UOW* CONA o44i4 chat"

Cutjtd under Spo# Ch"Ve Limited ftoit*
1#itlal Pinal tmiits

Suttac lot~ntlal f}.0000.,O0 ,,5.063*.0: *.mot5

0441kletot PoteitiAl 0.000•060 0.0000e.Q0 Vltts

Plu• !lreawktlm +

weltt" Strcwty Olut 2.2joaie-5 2.6l17e+O* AA'u2
*Ackacatterd Elelt ton Plux 6. l$9¶-0+ E. 19700-06 A1104
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Incident Ion Flux 2.4805e-07 6.4516e-06 A/m**2
Ion Secondary Flux 0.0000e+00 9.8712e-08 A/m,*2

Photo Flux 0.0000e+00 0.0000e+00 A/mO*2

Conduction Flux 0.0000e+00 0.O0000"*00 A/m6*2

Total Flux -4.9073e-05 -6.1657e-08 A/m**2

Init Sheath Radius= 1.000e+00 meter.-- AVMACI4= I. .OO0c-03
Final Sheath Raidius- 5.100e+00 meters ROBJ L .OOO-C1( no.-urer

SUCHGR corumand - robj 10

SUCHGR command - sate kapton
Material is changed to KAPT

SUCHGR command - charge

Charged under Space Charge Limited Regime

Initial Final Units

Surface Potential 0.0000e+00 -5.44'75e+03 volts

Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.1677e-05 A/m*2
Electron Secondary Flux 2.8429e-06 l.073le-06 A/m**2
Backscattered Electron Flux 1.7080e-06 1.1673e-06 A/m**2

Incident Ion Flux 2.4805e-07 6.4942e-06 A/m**2
Ion Secondary Flux 0.0000e+00 3.0669e-06 A/m*12

Photo Flux 0.0000e+00 0.0000e+0.0 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2

Total Flux -5.3724e-05 1.2409e-07 A/m**2

Init Sheath Radius= 1.000e+O1 meters AVmACHf= 1.000e-03

Final Sheath Radius= 5.117e+O1 meters ROBJ = 1.OO0e+Ol meters

SUCHGR command >> mate silver
Material is changed to SILV

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial '-inal Units

Surface Potential 0.0000e+00 -3.1038e+03 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
*Incident Electron Flux -5.8523e-O5 -1.3243e-05 A/m**2

Electron Secondary Flux 2.8423e-06 2. 1735e-06 A/m**2
Dackscattered Electron Flux 6.3595e-06 5.2689e-06 Alm'42

incident Ion Flux 2.4805e-07 4.3153e-06 A/m*62
Ion Secondary Flux 0.0000e+00O 1.4709e-06 A/m"2

Photo Flux 0.0000e+00 0,0000e+00 Alm**2
Conduction Flux 0,0000e+00 O,OOO0e*OO A/m*42

Total Flux -4.9073e-05 -1,4301fk-08 A/m"2
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Init Sheath Radius:; 1.OO0e.O1 meters AVM4AC14= l.OO0e-03

Final Sheath Radius= 4.171e401 meters itOW z l.OO0e*O1 meters

SUCHOR command >> avwusb G

SUCHOR caMPAnd >- Z~obj I.

SUCUGH coinazxd n,. ate kept

Material is changed to RAPT

SUCMGR command >> taM. tv

Fluxcs(A/0a2) as functions of Surface Voltage(eV)

SPtFVIT flO? FEIN ErWtDe FEWS fix" P23CC
O.OOE*0O -5.355-05 -5.855-05 2.845-06 1,715-06 4.96E-07 oýoos*oe
-4.769*01 -8,015-06 -1,575-05 1.96E-06 1.64E-06 4,048-06 2.ý11-08

-5.¶1-5,625-06 -1.56E-05. 1.893-06 1.675-%16 6,44R-06 5.66&-08
-1.435.02 -3,47V-.06 w1.%6R-0S 1,7SE-06 1.66E-06 8,585-06 9.219-04
-1.903.02 -1.475-06 -1.166-05 1.70E-06 1.653-06 1.058'-05 1A115-07
-2.385h*02 C.579-07 -1-54Z-05 1.665-06 1.645-06 1.24-05 1.72R-07

4.6*22,353-04 -1,54R-05 1.63S-06 1.633-06 1.043-05 4,169-07
-3.33:*02 4.1$9-06 -1.535-0 1.618-06 1.635t-06 1.60Z-05 2.62C~-07
.3,4tt.02 5A73ý1-ifl -i1i-53-S 1.5ft-04 1.625-06 1.7$5-05 3.115-07
"t.,293.02 7.555-06 '1,%)C'.0s 1.576-06 1,6fl'04f 1,946E0s 3,583.07
-4.769*02 9.13-6- -1.62-OS 1.S513-06 1.608-06 2.083-0% 4.061-07
-5.24E5.03 1.013-05 -1I.S2-0S 1.S49-06 1.603-06 2,2339-05 $6.723-01
-5,711302 1.26Z-0S -1.316-05 1.523-06 1.693-06 2.393-05 7.653-07
-6.193.02 1.443-01 -1,513-01 1.513-06 1.58-06 2,541t-OS 9,051-01
-4.673*02 1.431-OS -1,$09-05 i34o9-o6 1.51-05 2,103S-05 1233-06
-1.144f02 1,42t-OS -1.502-OS 1.40Z-06 1.571t-06 2.863-053 1.503-06
-7.423402 ~.1,34I-S -1503-OS$ 1.4mg-n6 1.573li-04 3.033t-05 .1. f0-06
-8 103.002 2.213-05 -1.093-Os 1. 473-.06 1.563-06 3.1913-05 3.11346Ck
-8,373.02 2tilt-OS -1.4919-O 1. 46344O 4,53-04 3. 323t-OS 2.433-06
4,053902 2,553R-05 -1.4919-05 1.406-06 1.SS3-06 3.4539-03 2,77K-06
-9 5*23O I3.721L-O -1I.4IN-05 1.451-06 1. S5*46 '3.509-0S 3134-04

UKVAt CIMMd n.'. #SLs 6v
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I

-6.00E-05+ .+ - - - -.....- +-.........- * ... -.....
-1000. -800.0 -600.0 -400.0 -200.0 O.OV+0O 200.G

Flux (A/m**2) vs. VoltAge (volts)

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -2.2563e+02 volts

Conductor Potential 0.0000e+00 0.0000e400 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5454e-05 A/m*2
Electron Secondary Flux 2.8429e-06 1.6711e-06 Aim**2
Backscattered Electron Flux 1.7080e-06 ].6409e-06 A/m**2

Incident Ion Flux 4.9610e-07 1.1952e-05 A/m**2
Ion Secondary Flux 0.0000e+00 1.6118e-07 A/mO*2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m*2

Total Flux -5.3476e-05 -2.8665e-08 A/m**2

Init Sheath Radius= 1.000e+00 meters AVMACH= 8.000e+00
Final Sheath Radius= 4.908e+00 meters ROBJ = 1.000e+00 meters

SUCHGR command >> mate silver
Material is changed to SILV

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -9.8750e+0l volts

Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5616e-05 A/m**2
Electron Secondary Flux 2.8423e-06 2.6936e-06 A/m**2
Backscattered Electron Flux 6.3595e-06 6.2739e-06 A/m*2

Incident Ion Flux 4.9610e-07 6.5983e-06 A/m'2
Ion Secondary Flux 0.0000e+00 6.3513e-08 A/m*62

Photo Flux 0.0000e+00 0.0000e+00 A/m'*2
Conduction Flux 0.0000e+00 0.0000e+00 Am**'2

Total Flux -4.8R25e-05 1,3294e-OA A/m''2

Init Sheath Radius= 1.000e+00 meters AVMACHv R.000e+00
Final Sheath Radius= 3.647e+00 meters ROBJ m 1.000e+00 meters

SUCHGR command >> robJ 10

SUCHGR command >' mate kapton
Material is changed to KAPT

SUCHGR command -> charge

Charged under Space Charge Limited Regime
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Initial Final Units

Surface Potential 0.0000eO00 -2 9163e+03 volts
Conductor Potential O.0000e+00 0.0000e÷O0 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.3373e-05 A/m',2
Electron Secondary Flux 2.8429e-06 1.2596e-06 AW*2
Backscattered Electron Flux 1.7080e-06 1.3658e-06 A/m*02

Incident Ion Flux 4.9610e-07 8.2339e-06 A/m*02
Ion Secondary Flux 0.0000e+00 2.4872e-06 A/r'12

Photo Flux O.O000e400 0.0000ee00 Akm4'2
Conduction Flux 0.0000e00 0.0000ee00 A/m**2

Total Flux -5-3476e-05 -2.6873e-08 Almo*2

Init Sheath Radius7 lO00e*Ol meters AVMACN= 8.000e+O0
Final Sheath Radius* 4.0 7 4e*0l meters ROWJ - 1.000*Ol meters
SUCHOR coamand mate • li•e

Haterial is changed to S!LV

SUC.#R coamand >> cbaxg

Charged under Space Charge Limited R*gire
Initial Final units

Surface Potential 0,0000D 00 -5l.569e*03 volts
Conductor Potential O0000etO 0.0000+e00 volts

flux Rrekdawtm
'Ancictnt Electran Flux -5,8523-eOS -14A354*-OS Aem'4
gltctron SaLcqnary Flux 2.8423e-O6 235,63*-06 AW4*2
baTkscAterWi fltctrn flux 61$•3 -•o 06 )oIMUK-06 A1•12

Incident Ion Flux 4.ýEl0e*O7 s3A4.0-.42
Ion Seeotdary Flux O.O0OOQ'OO 933430-07 A16143

Pht flux 0 000@.'* 0 0.00OC..OO Asaa1-2
ndutbction, Flux 0O00OOO*00 O.0OOO,*OO Asm'-a

Finlu. sheath RadiWAR j'V#O W mtar(A *W~ 1 ,.00000 **ter#

AKUAi c&W sýQi

CJGeosyncbrou", KAMammon ern QUai6br

Th~ fttovingf arc ftt input od oupin filos for the (ko%yndwaftowi KUP(Mw.
Silver Qu-Na- r* e Pl krLm %•hWO io FigumeA I I W 14 'd Ch4t 2. Kor AddiW
-'in... iOn I £k4 "h .. O(XA$CAAVQ.-t MW . .ak. ail. '119M.



The problem was completed in fottr steps with a slightly different standard input file
for each step. The first input file shows the optionis chosen, the object definition, and the
environment description.

Geosynchronous Kapton-Silver Quasi-sphere Standard Input

R flt 5
SWRACE CELL 1
SU.FACE CELL 5
LOMTINMSTEP 1000
DKLTA .001
DRUFAC 1. 2
IawSE 1

NCYC 20
NO 2
9% 17
END

ODJDW 5
QSPHER

CENTER 0 0 0
rLIANIETZ 7
SIDE 3
X&ETRIAL KAPTOM
lMlDOBJ

-'leu
CCRIR 3 -1 -1
DrLTAS, 1 3 3
SURFACE +X SILVER

PA'TTNR
COW= -1 3 -1
DULTAB 3 1 3
SURFACX +Y SILVlR

PAYCHR
CORNEZR -1 -1 3
LM S 2 3 3 1
SU~RACE +3 SILVER

MDODJ
PAiEoN
COMM 2 -1 2
PACE SILVER 1 0 1
LUOTN 2 3 2
ENDODJ

COMM0 R -1 2 2
TACE SILVER 0 1 1
MOTE 3 2 2

APAW
COMMR 2 2 -1
FJACE SILVIR 1 1 0

LNI1 E 2 2 3
uMAOa

COWWdE -1 -1 2
FACE SILVER -1 01
-- lSBl 2 3 2.,

COMM -1 -L 2
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FACE SILVIC 0 -1 1
LUMN 3 2 2
ZNW

TNTRAB
COMm 2 2 2
MAE SILVSR 1 1 1
LWOM! 2 2 2

2DOBJ
TETMA
CONRM -1 2 2
F=C SUILVE -1 1 1
LUNG? 2 2 2

=mow
TITIA
COROM 2 -1 2
FAC SXLVSR 1 -1 1
LUNG? 2 2 2
NNDOSJ

TRTRAX
COmmR -1 -1 2
r'ACR SILVER -1 -1 1
LENOTE 2 2 2
DODJ

NNDSA?
ChPACI
TRXTAIN 5

SINGLEg
1. 12 CGS
12 Wr
.236 CGS
29.5 MCV

Geosynchronous Kapion-Silver Quasi-sphere Standard Input for Continuation

ADOPT 5
SURIFACE cELL 1
SURFACE CELL 5
LONGTIISTEP 1000
RESTART
DELTA 0.045

nWLAC 1. 4

NCIC 20
no 2

TRILIN 5
SINGL9
1.12 CGS
12 ZV
.236 CGS
29. 5 MfV
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Geosynchronous Kapton-Silver Quasi-sphere Standard Input for Second
Continuation

RUPT 5
BUIACUZ CULL 1
SURPAC CZ1L 5Sz1xVw1MTzie -,oo0

JUSTART
D8LTA 27
i*LrAC 1. 4
]lSRq 1

WCYC 20
NG 2
.I 17

TRILIlI 5
SINGLI
1. 12 CGS
12 •KV

- -. 236 CG8
29.5 MEV

.EN"
P.w mID_

Geosynchronous Kapton-Silver Quasi-sphere Standard Input for Third
Continuation

RDPo 5
"S"MFACM C]L8 1

r -SURFACE CXLL 5
LOOT.UMSTEP 1000
RESTART
DULTA 16.3

- DILFAC 1.4

IXESH I
"NCMC 5
NO2
NZ 17
E]D

TRILUI 5
SINGLER
1.12 CGS
12 REV
.236 CGB
29.5 REV

Geosynchronous Kapton-Silver Quasi-sphere Termtalk Execution fort.3 File

A group of all the surface cells of material kapton is defined. The final potential of this
group is requested. All the cells are at -22.5 kV. A group of all the surface cells of
material silver is defined. The final potential of this group is requested. All the cells are at
-10.9 kV. A group of those cells facing in the I I I or-I -1 -1 direction is defined.
These cells are those in the center of the kapton patch and the silver patch respectively.
The history of the potentials on these cells is requested.
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CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>HZLP
HELP IS AT HAND - PICK A NUMBER,

(1) BASIC USE (7) ERROR MESSAGES
(2) CURRENT MODULE (8) COORDINATE SYSTEM
(3) NUMBERING CONVENTIONS (9) LINE PRINTER FILE
(4) FLUX,FIELD, POTL, DELTA, STRESS (10) DEFAULT MODES
(5) SUBSET AND GROUPS (11) OLD NASCAP
(6) AIDS (12) COMPLAINTS

(13) RETURN TO MAIN
1

-- BASIC USE --
TERMTALK CONSISTS OF A SET OF MODULES, EACH GIVING

THE USER ACCESS TO A CERTAIN TYPE OF NASCAP INFORMATION.
'HISTORY' FOR EXAMPLE, GIVES THE CHARGING HISTORY OF
INDIVIDUAL SURFACE CELLS. 'LATEST' GIVES INFORMATION
ON4LY FROM THE LATEST CHARGING CYCLE. 'SINGLE' GIVES
GEOMETRICAL AND OTHER INFORMATION ABOUT AN INDIVIDUAL
CELL.

WHICHEVER MODULE YOU ARE IN, YOU HAVE AVAILABLE A
SET OF COMMANDS AND A SeT OF MODES. COMMANDS INITIATE
OUTPUT. MODES ALTER THE FORM OF SUCCEEDING OUTPUT.

AT ANY TIME INSTEAD OF TYPING A COMMAND
OR MODE, YOU MAY CHANGE MODULES OR CALL FOR AID.
ALTOGETHER YOU HAVE FOUR CHOICES - TYPE A COMMAND,
A MODE, THE NAME OF A DIFFERENT MODULES, OR THE
NAME OF AN AID.

AS AN EXAMPLE, YOU ARE IN MODULE SINGLE. YOU
TYPE THE NUMBER 317. THIS IS A COMMAND. THE
TERMINAL PRINTS OUT THE POTENTIAL AND THE SURFACE
NORMAL OF CELL #317. YOU WANT MORE.
YOU TYPE 'EVERYTHING' (A MODE) AND ON THE NEXT
LINE TYPE '317' AGAIN. MORE INFORMATION COMES OUT.
TO CHANGE MODULES, YOU TYPE 'HISTORY'. NOW YOU DON'T
KNOW WHAT TO DO, SO YOU TYPE 'HELP'. AND YOU GET THIS
MESSAGE.

FOR ANY COMMAND, MODE, MODULE, OR AID, TERMTALK
RECOGNIZES AN ENTIRE WORD BASED ON THE FIRST THREE
LETTERS.
... PICK ANOTHER NUMBER -OR- TYPE 'MENU' TO SEE YOUR CHOICES

-OR- <CR> TO RETURN TO MAIN

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset kapton
DEFINITION OF NEW SUBSET NAMED kapt

159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
:'marl kapt

85 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP kapt WITH 85 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>latest
LATEST COMMAND OR MODE SET ?
>potl
MODE RESET
LATEST COMMAND OR MODE SET ?
>group kapton
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POTL IN VOLTS FOR NASCAP CYCLE 65 ... TIME = 2.32e+05 SEC
1-2.25e+04 2-2.25e+04 3-2.25e+04 4-2.25e+04 6-2.25e+04
7-2.25e+04 8-2.25e+04 9-2.25e+04 11-2.25e+04 12-2.25e+04

13-2.25e+04 14-2.25e+04 16-2.25e+04 17-2.25e+04 18-2.25e+04
19-2.25e+04 21-2.25e+04 22-2.25e+04 23-2.25e+04 24-2.25e+04
26-2.25e+04 27-2.25e+04 28-2.25e+04 29-2.25e+04 31-2.25e+04
32-2.25e+04 35-2.25e+04 37-2.25e+04 39-2.25e+04 41-2.25e+04
42-2.25e+04 45-2.25e+04 46-2.25e+04 47-2.25e+04 48-2.25e+04
50-2.25e+04 51-2.25e+04 52-2.25e+04 53-2.25e+04 55-2.25e+04
57-2.25e+04 59-2.25e+04 61-2.25e+04 63-2.25e+04 65-2.25e+04
70-2.25e+04 71-2.25e+04 72-2.25e+04 73-2.25e+04 75-2.25e+04
77-2.25e+04 79-2.25e+04 81-2.25e+04 83-2.25e+04 85-2.25e+04
90-2.25e+04 91-2.25e+04 92-2.25e+04 93-2.25e+04 95-2.25e+04
97-2.25e+04 99-2.25e+04 101-2.25e+04 103-2.25e+04 105-2.25e+04

110-2.25e+04 111-2.25e+04 112-2.25e+04 113-2.25e+04 115-2.25e+04
116-2.25e+04 119-2.25e+04 121-2.25e+04 123-2.25e+04 125-2.25e+04
126-2.25e+04 129-2.25e+04 134-2.25e+04 135-2.25e+04 136-2.25e+04
137-2.25e+04 139-2.25e+04 144-2.25e+04 149-2.25e+04 154-2.25e+04

LATEST COMMAND OR MODE SET ?
>subset silver
DEFINITION OF NEW SUBSET NAMED silv

159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>marl silver

73 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP silv WITH 73 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'LATE'
LATEST COMMAND OR MODE SET ?
>group silver
POTL IN VOLTS FOR NASCAP CYCLE 65 ... TIME = 2.32e+05 SEC

5-1.09e+04 10-1.09e+04 15-1.09e+04 20-1.09e+04 25-1.09e+04
30-1.09e+04 33-1.09e+04 34-1.09e+04 36-1.09e+04 38-1.09e+04
40-1.09e+04 43-1.09e+04 44-1.09e+04 49-1.09e+04 54-1.09e+04
56-1.09e+04 58-1.09e+04 60-1.09e+04 62-1.09e+04 64-1.09e+04
66-1.09e+04 67-1.09e+04 68-1.09e+04 69-1.09e+04 74-1.09e+04
76-1.09e+04 78-1.09e+04 80-1.09e+04 82-1.09e+04 84-1.09e+04
86-1.09e+04 87-1.09e+04 88-1.09e+04 89-1.09e+04 94-1.09e+04
96-1.09e+04 98-1.09e+04 100-1.09e+04 102-1.09e+04 104-1.09e+04

106-1.09e+04 107-1.09e+04 108-1.09e+04 109-1.09e+04 114-1.09e÷04
117-1.09e+04 118-1.09e+04 120-.1.09e+04 122-1.09e+04 124-1.09e+04
127-1.09e+04 128-1.09e+04 130-1.09e+04 131-1.09e+04 132-1.09e+04
133-1.09e+04 138-1.09e+04 140-1.09e+04 141-1.09e+04 142-1.09e+04
143-1.09e+04 149-1.09e+04 146-1.09e+04 147-1.09e+04 148-1.09e+04
150-1.09e+04 151-1.09e+04 152-1.09e+04 153-1.09e+04 155-1.09e+04
156-1.09e+04 157-1.09e+04 158-i.09e+04 0 0.00e+00 0 0.00e+00

LATEST COMMAND OR MODE SET ?
>history
HISTORY COMMAND OR MODE SET ?
>subset one
DEFINITION OF NEW SUBSET NAMED one

159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE 7
>noasl I 1 1

4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>whioh
MEMBERS OF GROUP one

127 128 133 158 0 0 0 0 0 0
4 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP one WITH 4 MEMBERS IS NOW DEFINED
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RETURNING TO MODULE 'HIST'
HISTORY COMMAND OR MODE SET ?
>subset minus
DEFINITION OF NEW SUBSET NAMED MinU
159 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?

>normal -1 -1 -1
4 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>which
MEMBERS OF GROUP minu

1 26 31 32 0 0 0 0 0 0
4 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP minu WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO NODULE IHISTI
HISTORY COMMAND OR MODE SET ?
>subset oppose
DEFINITION OF NEW SUBSET NAMED oppo
159 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>numbers I to 2.

1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>normal 1 1 1

0 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>or one

4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>or minus

8 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP oppo WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE IHISTI
HISTORY COMMAND OR MODE SET ?

>group oppo
POTL IN VOLTS

TIME 1 26 31 32 127 128 133

#1 #2 #3 #4 #5 #6 #7
1. Oe-03 -3 .63e+02-3.63e+02-3 .63e+02-3 .63e+02-3 .63e+02-3 ,63e+02-3 .63e+02
2.2e-03:-7.74e+02-7.74e+02-7.74e+02-7.74e+02-7.74e+02-7.74e+02-7.74e+02
3.6e-03:-1.24e+03-1.24e+03-1.24e+03-1.24e+03-1.24e+03-1.24e+03-1.24e+03
5.4e-03:-1.76e.O3-1.76e+03-1.76e+03-1.76e+O3-1.76e+O3-1.76e+03-1.76e+03
7.4e-03:-2.33e+03-2.33e.03-2.33e+03-2.33e+03-2.33e+03-2,33e+03-2,33e.03
9.9e-03:-2.97e+03-2.97e+03-2.97e+03-2.97e+03-2.97e+03-2,97e+03-2.97e+03
1. 3e-02: -3. 66e+03-3 .66e+03-3 .66e+03-3 .66e+03-3 .66e+03-3.66e+03-3 .66e+03

1.6e-02:-4.41e+03-4.41e.03-4,41e+03-4,41e.03-4.41e.03-4.41e+03-4.41e+03
2.le-02:-5.21e+O3-5.21e+03-5.21e+03-5.21e+O3-5.21e+O3-5.21e+03-5.21e.O3
2.6e-02:-6.06e+03-6.06e+03-6.06e+03-6.06e+03-6.06e+03-6.06e+03-6.06e+03
3.2e-02:-6.96e+03-6.96e.03-6.96e.O3-6.96e.03-6,96e+03-6.96e+03-6,96e+03
4. 0e-02:-7. 89e+03-7 .89e.03-7 .89e+03-.7. 89e+03-7 .89e+03-7,89e+03-7.89e.03

4.8e-02:-8.85e+03-8.85e+03-8.85e+03-8.85e+03-8.85e+03-8.85e+03-8.85e403
5.9e-02:-9,82e+03-9,82e.03-9.82e+03-9.82e+03-9,82e+03-9.82e403-9.82e403
7.2e-02:-1.08e+04-1,08e.04-1.08e+04-1.08e+04-1.08e+04-1,08e+04-1.O8e+04
8.7e-02:-1,18e+04-1.18e+04-1.18e.O4-1,18e+O4-1.18e+O4-1.18e.O4-1,18eO4
1. le-Ol: -1, 27e+04-1 . 2e+04-1,.27e+04-1. 27e+04-1.27e+04-1 .27e.04-1 27e+04
1. 3e-01:-1.36e+04-1.36e+04-1.36e+04-1.36e+04-1.36e+04-1.36e+04-1.36e+04
1.5e-Ol:-1.44e.04-1.44e.04-1.44e+04-1,44e+04-1.44e+04-1.44e+04-1.44e+04
1.9e0-1:-1,5le+04-1,51e+04-1.51e+04-1,51e.04-1.5le+04-1,51e+04-1.51e404
2.3e-O1:-1.58e+04-1.58e.O4-4-1.58e*0-1.58e+04-1.58e+O4-1.58e+O4-1.58e+O4
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2.9e-01:-1.65e+04-1.65e+04-1.65e+04-1.65e+04-1.65e+04-1.65e+04-1.65e+04
3.8e-01:-1.70e+04-1.70ei04-1.70e+04-1.70e+04-1.70e+04-1.70e+04-1.70e+04
5.le-01:-1 .74e+04-1.74e+04-1.74e+04-1 .74e+04-1 .74e+04-1 .74e+04-1 .74e+04
6.8e-O1:-1. 77e+04-1 .77e+04-1.77e+04-1 .77e+04-1.77e+04-1 .77e+04-1. 77e+04
9.2e-01:-1.79e+04-1.79e+04-1.79e+04-1.79e+04-1.79e+04-1.79e+04-1.79e+04
1,3e+O0:-1.80e+04-1.80e+04-1.80e+04-1.80e+04-1.80e+04-1.80e+04-1.80e+04
1.7e+00:-1.8le+04-1.81e+04-1.81e+04-1.81e+04-1.81e+04-1.81e+04-1.81e+04
2.4e+00:-1.82e+04-1.82e+04-1,82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04
3. 3e+O0: -1. 82e+04-1. 82e+04-1. 82e+04-1. 82e+04-1 .82e+04-1 .82e+04-1 .82e+04

a 4.6e+O0:-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04
6.5e+O0:-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04
9.Oe+OO: -1. 2e+04-1 .82e+04-1. 82e+04-1. 82e+04-1.82e+04-1. 82e+04-1 .82e+04
1.3e+01:-.1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+e04-1.82e+04
1.8e+O1:-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04
2 .5e+O1: -1. 82e+04-1. 82e+04-1. 82e+04-1 .82e+04-1 .82e+04-1 .82e+04-1.82e+04

3.4e+01:-1.82e+04-1.82e+04-1.82e+O4-1.82e.-04-1.82e+04-1.82e+04-1.82e+04
4. 8e+01: -1. 82e+04-1 .82e+04-1. 82e+04-1 .82e+04-1.82e+04-1. 82e+04-1 .82e+04
6.7e+01:-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04
9.4e+01:-1. 83e+04-1 .83e+04-1.83e+04-1. 83e+04-1.82e+04-1. 82e+04-1. 82e+04
1.2e+02:-1.83e+04-1.83e+04-1.83e+04-1.83e+04-1.82e+04-1.82e+04-1.82e+04
1.Ge+02:-1.83e+04-1.83e+04-1,83e+04-1.83e+04-1.82e+04-1.t82e+04-1.82e+04
2.le+02 -1. 83e+04-1 .83e+04-1. 83e+04-1 .83e+04-1.81e+04-1. 81e+04-1. 81e+04
2.9e+02:-1. 83e+04-1 .83e+04-1. 83e+04-1. 83e+04-1.81e+04-1 .81e+04-1. 81e+04
3.9e+02:-1.83e+04-1.83e+04-1.83e+04-1.83e+04-1.Ble+04-1.81e+04-1.8le+04
5. 3e+02:-1. 83e+04-1. 83e+04-1,.83e+04-1. 83e+04-1 .80e+04-1 .80e'04-1 . B0e+04
7.4e+02:-1. 84e+04-I. .84e+04-1. 84e+04-1. 84e+04-1.79e+04-1 .79e+04-1 .79e+04
l.Oe+03:-1.84e+04--1.84e+04-1.84e+04-1.84e+04-1.78e+04-1.78e+04-1.78e.04
1.4e+03:-1.85e+04-1.B5e+04-1.85e+04-.1.85e+04-1.77e+04-1.77e+04-1.?7e.04
2,Oe.03:-1.86e+04-1.86e+04-1.86e.04-1.86e+04-1.75e+04-1.75e+04-1,75e+04
2.8e+03:-1.88e+04-1.88e+04-1.88e+04-1.88e+04-1.72e+04-1.72e.04-1.72e+04
3.9e+03:-1.89e+04-1.89e+04-1.89e+04-1.89e+04-1.68e+04-1.68e+04-1.68e+04
5,4e.03:-1.88e+04-1.88e+04-1.88e+04-1.88e+04-±.58e+04-1.58e.04-1.58e.04
7.5e.03:-1.93e+04-1.93e+04-1.93e+04-1.93e.04-1.54e+04-1,54e.04-1.54e.04
1.le.04 :-1. 95e.04-1.95e+04-1.95e.04-1 . 9e+04-1.44e+04-1 .44e+04-1.44e+04
1.5e.04:-2.O0e.04-2.00e+04-2.O0e+04-2.00e+04-1.34e+04-1.34e.04-1.34e+04
2.le+04 -2. 05e+04-2 .05e.04-2 .05e+04-2. 05e+04-1.24e+04-1 .24e.04-1 .24e.04
2.9e+04:-2.1Oe+04-2.10e+04-2.10e+04-2.10e+04-1.14e+04-1.14e.04-1.14..04
4.0e.04:-2.16e#04-2.16e+04-2.16e+04-2.16e+04-1.05e+04-1.05e+04-1.05e.04
5.7e+04:-2.22e+04-2.22e.04-2.22es04-2.22e.04-1.05e+04-1.05e+04-1.05e+04
7,3e+04:-2.25e+04-2.25e.04-2.25e.04-2.25e.04-1.06e.04-1.06e.04-1.06e.04
9.5e.04:-2.26e+04-2.26e.04-2.26e.04-2.26e.04-1.08e.04-1,08ee04-1.08e.04
1.3e+05: -2 .26e.04-2 .26e+04-2.26e.04-2 .26e+04-1.09e.04-1.,09e.04-1..09e.04
1.7e.05:-2.26e+04-2.26e+04-2.26e+O4-2.26e+04.-1.09e.04-1.O9e+04-1.09e*04
2.3e+05:-2.25e.04-2.25e+04-2.25e*04-2.2Se+04-1.09e.04-1.09e.04-1.09ee04

PQTL VERSUS LOG(TIME)
0.00$4,004 .............1.1--...... ............ ........................

7 7

7.
7.

.7
.7

.7

7

7 1 7177

*7 7

2.00**0.4;......... ..................... .................... .......................
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* . .4444 4

-4.00#-00 *.000.00 00OQ.00 2.00#.00 4.004.00O 6.000-00

P0TL IN VOLTS
TIME 158

#1 #2 #3 #4 #5 #6 #7
1.Oe-03:-3.63e.02
2.2e-03:-7.74e+02
3.6e-03:-1.24e+03
5.4e-03:-1.76e+03
7.4e-03:-2.33e+03
9.9e-03:-2.97e+03
1.3e-02:-3.66e.03
1.6e-02:-4.41e+03
2. 1e-O2:-5.21e+O3
2.6e-02:-6.06e+03
3.2e-02:-6.96e-"03
4.0e-02:-7.89e.03
4.8e-02:-8.85e+03
5.9e-02:-9.82e+03
7.2e-02t-1.08e.04
8.7e-.02:-1.18e+04
l.le-O1:-1.27e.04
1.3e-O1:-1.36e.04
l.Se-01;-1.44e+04

2. 3e-01!-1.58e+04
2.9e-O1:-1.G5e.04
3.8e-O1t-1.70e.04

6.8e-Olt-1.77e+e04
9. 2e-01:-1. 79e.04
1.3e.00:-1.80e*04
1.7e+00t-1 .818.04
2.4e.00:-1.82e+04
3,3e.00t-1.82e+04
4.6e+00: -1 .82e.04
6.S*.0Ot1.82e+04
9.0e.00:-1.82e.04
1. 3e.O1:-1.82e+04

2.Se.O1:-1.82e+04

3.4e.O1:-1.82e*04
4.8e+Olt-1.82e+04
6.7e+01:-1.82e+04
9,4e.O1:-1.82e+04
1,2e.02?-1.82e.04
1.6e.02:-1.82e.04

2,9e+02!-1.81e.04
3,9e.02:-1. Ble.04
5. 3e+02!-1.80e.04
7,de.02:-1,79e.04
1,0e.03:-1.78e+04
1.4e+03:-1.77e*04
2.0e+03: -1 .75**04



2.8e+03:-1.72e+04
3.9e+03:-1.68e+04
5.4e+03:-1.58e+04
7.5e+03:-1.54e÷04
1. le+04:-1.44e+04
1.5e+04:-1.34e.04
2.le+04:-1.24e+04
2.9e+04:-1.14e+04
4.Oe+04:-1.05e+04
5.7e+04:-1.05e+04
7.3e+04:-1.06e+04
9.5e+04:-1.08e+04
1.3e+05:-1.09e.04
1.7e+05:-1.09e+04
2.3e+05:-1.09e+04

POTL VERSUS LOG(TIME)
0.•00e4+00 .................................................... ................................................

o4.0oo.,,................................................................

1.

I

-4.00s.03 ...................................................................................
i1

I

* 1|

.S OO . ................ ........................... ......... ....................................
11

I .i al|t •|1

-4.00e.04 .............................................................................................

* I 7
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C.4 Auroral Kapton-Silver Quasi-sphere

The fellowing files are the input and output files for the Auroral Kapton-Silver Quasi-
sphere problem shown in Figures 15 and 16 of Chapter 2. For additional information on
the use of POLAR see Lilley et al. [ 1989].

The standard input for the execution of vehicle includes general object definition
options and the object definition.

Auroral Kapton-Silver Quasi-sphere vehicl Execution Standard Input

nXyz 11 11 11
vmach 0 0 0.001
Matplots yes
makeplot 4
plotdir 2 3 5
plotdir -2 -3 -5
plotdir 4 -3 -5
plotdir -2 3 S
objdef 5
end

QSPHERE
CENTER 0 0 0
DIAMETER 7
SIDE 3
MATERIAL KAPTON
ENDOW3

PATCHR
CORNER 3 -1 -1
DELTAS. 1 3 3
SURFACE +X SILVER
ENDO•J

PATCHR
CORNER -1 3 -1
DELTAS 3 1 3
SURFACE +Y SILVER
ENDOUJ

PATCHR
CORNER -1 -1 3
DELTAS 3 3 1
SURFACE +Z SILVER
ENDOWJ

PATCHN
CORNER 2 -1 2
FACE SILVER 1 0 1
LENGTH 2 3 2
ENDOBJ

PATCHN
CORNER -1 2 2
FACE SILVER 0 1 1
LENGTH 3 2 2
EUDODJ

PATCHW
CORNER 2 2 -1
FACE SILVZR 1 1 0
LENGTZ 2 2 3
ENDOBJ

PATCZW
CORNER -1 -1 2
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FACE SILVER -1 0 1
LENGTH 2 3 2
ENDOBJ

PATCHW
CORNER -1 -1 2
FACE SILVER 0 -1 1
LENGTH 3 2 2
ENDOWJ

TETRAS
CORNER 2 2 2
FACE SILVER 1 1 1
LENGTH 2 2 2
ENDOSJ

TETRAS
CORNER -1 2 2
FACE SILVER -1 1 1
LENGTH 2 2 2
ENDOBJ

TETRAH
CORNER 2 -1 2
FACE SILVER 1 -1 1
LENGTH 2 2 2
ENDOBJ

TETRAS
CORNER -1 -1 2
FACE SILVER -1 -1 1
LENGTH 2 2 2

,NDOBJ
ENDSAT

The orient standard input defines the roach vector. Here the sphere is not moving.

Auroral Kapton-Silver Quasi-sphere orient Execution Standard Input

vaach 0.0 0.0 0.001
end

The nterak execution was completed in three steps with a slightly different standard
input file for each step.

Auroral Kapton-Silver Quasi-sphere nterak Execution Standard Input

coment Initialize
ISTART NEW

comment Choose Physical Kodels to be used.
IGICAL NO
STESWAN OFF
AVEPRTCL ON
THRMSPRD ON

comment Convergence Parameters
MAXITT 1
POTCON 4
DZLTAT 2e-5
DVLIN 50

comment Define Coaputat. Grid
DDMZS 1
NXADNT 14
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NXADNB 14
NYADUT 14
NYADNB 14
NZADON 14
NZTAIL 14

coment Define the plasma environment
DENS 3.55e9
TZKP 0.2
DEN2 6.015
TU1P2 8.0E3
GAUCO 4.0e4
ENAUT 2.434
DELTA 1.624
POWCO 3.0Ell
PALPIA 1.1
PCUTL 50.0
PCUTH 1.616

comemnt Define the initial potential
CONDV 1 -1

comment Iterate on the analytical modules
DELTAT 2e-5
LOOP 5 PWASON CURREN CHARGE
DELTAT 5e-5
LOOP 10 PWASON CURREN CHARGE
DELTAT le-4
LOOP 10 PWASON CURREN CHARGE
DELTAT 2e-4
LOOP 10 PWASON CURREN CHARGE
DELTAT 5e-4
LOOP 10 PWASON CURREN CHARGE
DELTAT le-3
LOOP 10 PWASON CURREN CHARGE
DELTAT 2e-3
LOOP 10 PWASON CURREN CHARGE
endruin

Auroral Kapton-Silver Quasi-sphere nterak Execution Standard Input,
Continuation Run

comment initialize
ISTART CONT

coment Iterate on the analytical modules
DELTAT 5e-3
LOOP 10 PWA•ON CURREN CHARGE
DELTAT le-2
LOOP 10 PlWSOU CURREN CHARGE
DELTAT 2e-2
LOOP 10 PWKSON CURREN CHARGE
DELTAT 5e-2
LOOP 10 PWASON CURREN CHARGE
DELTA? 0.1
LOOP 10 PWASON CURREN CHARGE
DELTAT 0.2
LOOP 10 PWASON CURREN CHARGE
endrun

Auroral Kapton-Silver Quasi-sphere nterak Execution Standard Input, 2nd
Continuation Run

coment Iterate on the analytical modules
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DELTAT 0.5
LOOP 10 PWASON CURREN CHARGE
DELTAT 1
LOOP 10 PWASON CURREN CRARGE
DELTAT 2
LOOP 4 PWASON CURREN CHARGE
endrun

Geosynchronous Kapton-Silver Quasi-sphere trmtlk Execution fort.3 File

The computer code trmtlk is used to determine the charging history of the quasi-
sphere.

The final potential of all of the surface cells in order by potential magnitude is
requested. All the silver cells are at -I.06 kV and the kapcon cells are at potentials that
range from -1.21 kV to -2.49 kV. The potential history of one silver cell and the highem
potential kapton cell is requested.

Welcome to POLAR 1.3 TRMTLK ...

Any AID may be called from any MODULE

MODULES AIDS

HISTORY AGAIN
LATEST HELP
SINGLE LOCATION #
SPECIAL OUTLINE

SUBSET
EXIT
SUBSET [GROUP NAME]

Enter any MODULE/AID name or 'HELP' for help >> latest

LATEST command or MODE set >> potl
MODE RESET

LATEST command or MODE set >> magnitude
MODE RESET

LATEST command or MODE set >> list 1 to 159
FROM 1 TO 159 ON LIST OF DECREASING ORDER
POTL IN VOLTS FOR POLAR CYCLE 150 ... TIME = 2.69E+01 SEC

-1-1.06E÷03 158-1.06E÷03 157-1.06E+03 156-1.06E÷03 155-1,06E+03
154-1.06E+03 153-1.06E÷03 152-1.06E÷03 151-1.06E÷03 150-1.06E+01
149-1.06E÷03 148-1.06E÷03 147-1.06E÷03 146-1.06E÷03 145-1.066÷03
144-1.06E÷03 143-1.06E+03 142-1.06E÷03 141-1.06E÷03 140-1.06E+03
139-1.06E+03 138-1.06E+03 137-1.06E÷03 136-1.06E÷03 135-1.06E÷03
134-1.06E÷03 133-1.06E÷03 132-1.06E+03 131-1.06E603 130-1.06E+03
129-1.06E+03 128-1.06E÷03 127-1.06E÷03 126-1.06E÷03 125-1.06K+03
124-1.06E÷03 123-1.06E÷03 122-1.06E÷03 121-1.06E÷03 120-1.06E+03
119-1.06E÷03 118-1.06E÷03 117-1.06E÷03 116-1.06E÷03 115-1,06.E03
114-1.06E÷03 113-1.06E÷03 112-1.06E+03 l11-1,06E÷03 110-1,061÷03
109-1.06E.03 108-1.06E603 107-1.06E÷03 106-1,06C÷03 58-1,069.03
104-1.06E÷03 84-1.06E÷03 102-1.06E÷03 64-1,06E+03 100-1,06E+03
82-1.06E÷03 98-1.06E÷03 60-1.06E÷03 80-1,06E603 62-1,068.03
78-1.06E+03 69-1.06E.03 68-1,06E÷03 67-1,06E+03 66-1,066.03
89-1.06E÷03 88-1.06E÷03 87-1.06E÷03 86-1,06E÷03 5-1,211*03
71-1.23E+03 79-1.24E+03 51-1,34E÷03 59-1,34E+03 70-1,42E*03
77-1.424E+03 4-1.46E603 2-1.46E÷03 72-1,47E+03 81-1,47E*03
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18-1.47E+03 23-1.48E+03 8-1.481.03 83-1.489,03 6-1.469.03
74-1.48E.03 37-1.52E+03 28-1.529.03 75-1.533,03 57-1.549.03
73-1.54E+03 50-1.'34E*03 17-1.549+03 12-1.543.03 52-1.633.03
61-1.64E+03 16-1.651.03 55-1.653.03 22-1.659+03 53-1.653.03
54-1.67E.03 63-1.67E+03 7-1.683.01 3-1.689.03 33-1.683.03
1-1.69E.03 42-1.699.03 24-1.74Z.03 35-1.743.03 20-1.743.03
27-1.75E+03 38-1.751.03 47-1.763.03 11-1.76E.03 15-1.763.03
9-1.77E+03 19-1.78E.03 13-1.78E.03 39-1.78E.03 29-1.793.03
32-1.81E+03 41-1.82E+03 30-1.82E.03 34-1.84E.03 85-1.853.03
45-1.85E.03 76-1.85E+03 36-1.863.+03 65-1.86E.03 56-1.863.03
46-1.86E+03 25-1.881.03 14-1.90E+03 21-1.90E.03 26-1.92E.03
31-1.92E.03 43-1.94E+03 99-1.973.03 91-1.97E.03 10-1.97E.03
40-2.04E+03 48-2.041+03 97-2.12E+03 90-2.123.03 103-2.143.03
94-2.14E+03 101-2.14E+03 92-2.15E.03 95-2.273.03 93-2.273.03
49-2.28E+03 44-2.2qE+03 96-2.48E.03 105-2.49E.03 0 0.001+00

LATEST comm~and or MOVE set >> history

HISTORY command or MODE set >> voti
MODE RESET

HISTORY command or MODE set >> 56,94

POTL in Volts

TIME 58 96

#1 #2 13 14 05 66 07
0.01+00: -1.001.00-1.001.00
2 .OE-05: -6.361+00-6. 36E.00
4. OE-05: -2.331.01-2. 331.01
6.01-05: -4.00E+01-4.OOE*01
8.OF.-05: -5.641+01-5.64E.01
1.0E-04:-7.27E+01-7.27E+01
1.51-04: -1.051.02-1.051.02
2.01-04:-i. 371+02-1.371+02
2.51-04:-i. 68E+02-1.681+02
3.01-04: -1.991.02-1.991.02
3.51-04:-?. 301+02-2.301.02
4.01-04: -2.601+02-2.601+02
4.51-04:-2.8991.02-2 .891.02
5.01-04: -3.181+02-3.181.02
5S5E-04:-3.46E+02-3.46E.02
G,0E-04:-3.74E*02-3.?4F.'02
7.01-04: -4.171.02-4.171.02
9.01-04: -4.591+02-4.591.02
9.01-04: -5.01E+02-5.0lE+02
1.01-03: -5.411.02-5.411.02
1.11-03:-5. 811+02-5,811.02
1.2E-03:-6.20E+02-6.20E.02
1.31-03: -6.581+02-6.581.02
1.41-03: -6. 941+02-5 .941.02
1.5E-03:-7.30E+02-7.301+02
1.61-03: -7.643.02-7,651+02
1.81-03: -8.15E.02-R, 15F.02
"2,0E-03:-R.,64E#02-8,(h4Xo02
:L,2E-03:-9,11E.02-9, 111.02

2.61-03: -9.95E+02-9.99E*02
2,83-03: -1.043+03-1.04Z*03
3.0E-03: -1.081.03-1.081.03
3.2Z-03:-1.12F.'03-1. 123.03

3.49-03: -1, 15843-1, 159403



4.IE-03: -I2)E.03-I.21E.03
4.6E-03:-I .27Et03-1.!7E.03
5.1E-O3:4IAlE*03-1.31E,03

6.6E-03: -1.4E.03 l.3402+0
6.15-03:-1.31E.03-1.37E.03
7.65-03: -lA.4203-1.432.03
8.12-03: -1.445.03-1.445.03
8.6E-03: -l.45+03-1.455.03
9.65-03:-1.44E+03-1.44E.03
1.15-02: 1-45'!E.03-1 .472.03

1.3E-02.:--1.46E*03-1.47s+03
I .lE-02:-I .47E.03-I .47E.03
1.52-0!2:-1.47E.03--I.47E.03
1.65-02:-- .47fE.03-1.47E4O3
1.72-02: -I.47E403- 1.482+03
1.S5-02:-1.475.03-1.4854.03
1.95-02: -1.472.03-1.472.03
2. 15-02:-1.4?E.03-1.48E.03
2. 32-02: -1. 472.03- 1.472+03
1.5E-02:-1.47E.03-1.47E.03
2.75-02: -1.479.03-1.47E.03
2.92-02: -1.47E.03-1.47E,03
3.15-02: -1.47E.03-1.47E.03
3.35-32:-I .47E.03-1.475.O3~
2.55-02:-1-47E.03-1.47E.03
3.75-02: -1.479.03-1 .475.03
23.92-02: -1.47E+03-L 475.03
4.45-02: -1.472.03:-1.47E,03
4.95-02:-i .47E.03-1.479+03
5.42-02:-1. 47E.03-1.475.03
5.4E-02:-1.465*03-1 .475.03
6.45-02: -1.47E,03-1.47E*03
6.4E-02:-1.47E+03-1.47jE.o3
5.9E-02:-1.46E*03-1.47E,03
7.4E-02: -1.46E.03-1 .472.03
8.42-02: -.1.46E.03-1.475.03
8.95-02:-I .46E.03-1.47E*03
9.95-02: -1.46E*03-1.47E.03
1.15-01: -1.46E.01-1.47E,03
1.25-01: -1.46E.03-1.47E.03
1.35-01:- l.46E.03-~1.47E.03
1.45-01: -1.46E.03-1.47E.03
1.55-01 -1.46E+03-1.47E,03
1.3E-01:-1.46E+03-1.47E,03
1.75-01: -1.465+03-1.485+03

1.95-01-.:-1.465.03-1.485.03
2.6E-01:-1.46E*03-1.485.03
2.32-01: -1.455.03-1.482t.03
2.89-01:-I .455'03-1.48E*03
2.75-01: -1.46.03-1 .485.03
2.92-01:-I .452.03-1 .48E.03
23E1-01: -1.4SE+03-1.48E+03
3.35-01:-1.45E.03-1.485.03
3 52-01:-I. 45K.03-1.495.03
2.9E-01:-1-45E+03-1.492.03

3.92 01:-1.45E.03-1.49E,01

4.4201-1 44F.0')-1.49F*01
4.9E 01- 1 44E.- 149.
c5.49-01 1 4sE*.03 1.49E#01
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6.4E-01:-1.43E*03-1 .508.03
6.9Z-01: -1.438.03-1.508.03
7.4E-01:-1.429.03-1.50E*03
7.98-01: -1.42E*03-1.5iE*03

8.98-01: -1.42E+03-1.518.03
9.9E-01: -1.418.03-1.528.03
1.9E 1;.0-1.408.03-1.52E.03
1.28+00:-I. 408.03-1.- 53803
1.38+00:-1.398.03-1. 538.03
1.48+00: -1.39E.03-i.53E.03
1.58+00: -1.388.03-1.548.03

1.68+00: -1.38E.03-1.558+03
1.78+00: -1.378.03-1.558+03
I .88+00: -1. 378.03-1.56E.03
1.9E.00:-i 368.03-1.568.03
2. 18.O0:-1.35E.03-1.57E+033
2.3E.0O:-1.34E.03-1. 58E.03
2.58+00: -1.33E.03-1.598.03
2.7E*00: -1.338.03-1.60E.03
2.98+00: -1.32E.03-1.61E.03
3.18+00: -1.31E.03-1.62E.03
3. 38.00:-1.31E.03-1.64E.03
3.5E+00:-l.30E+03-1.65E.03
3.7E+00:-1.29E,03-1.66E+03
3.9E+00:-1.29E.03-1 .67E.03
4.48+00: -1.278+03-1.698.03
4.98.00: -1.258.03-1.718+03
5.48+00: -1.23E.03-1.74E.03
5.9E+00: -1.228+03-1.768+03
6.4E.00: -1.218+03-1.798.03
6. 98+00: -1.208+03-1.828.03
7.48+00: -1.198+03-1.8.48.03
7.9E+00:-i. 188.03-1.87E+03
8.48+00: -1.18E+03-1. 908.03
8.99+00: -1. 178+03-1.938.03
9. 98.00: -1.15E.03-1. 968.03
1.18+01: -1.138.03-2.008.03
1.2E+01:-1.12E+03-2.0484.03
1.38+01:-i. 118+03-2.088.03
1.48.01:-i .118+03-2.12E.03
1.'SE*01:-l.10Z.(N3-2. 168.03
I 68.01: -1. 108.03-2.1%8+03
1.79,01: -1 .09E+03-2.23E.03

1.98.01:-i .08803-2.20E.03

2. 18.01: -1,078.03-2. 58.03
2.39.01:-1.07E.03-2.4C8,Q)
2.5E+01:-I 06E.03-2.44E*03
2.7E+01; -1 .6Eo03-2.48E+03

K)TL ?eraus TIMIE in Seconds
. . . . . .. . . . . . .

.... ......... .

I (A3 3



21111
.11 0. 012-,2222 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22

2 2

* --' .O ,O ................................ ... ... ................. ......... ... ................... .. ...........

O.OOE-O" OOE.0. I.00E.01 1.SOEO :. 1 2.4..00 ' .

HISTORY command or MODE set >> exit

C.5 Geosynchronous Sunlit Kapton Quasi-sphere

The following files are the input and output files for the Geosynchronous Sunlit
Kapton Quasi-sphere problem shown in Figures 18 and 19 of Chapter 2. The problem
was completed in four steps with a slightly different standard input file for each step. The
first input file shows the options chosen, the object definition, and the environment
description.

Geosynchronous Sunlit Kapton Quasi-sphere Standard Input

SWUAM CRUL 1
LOl•iT.MUSP 1000
DRLA .01
DlIAC 1.4
UCYC 2
=M811 1
W1 2
3Z 17

ISUINT 1.
DI=

OUZ7DEF 5

Scmw 0 0 0
DZlITU 7
BSIM 3
HatiYal KAPTOW

R!DCUL
CAPACI

d TUZLlE 5
SINGLZ
1.12 COO
12 DIV
.236 COS
29.5 MV

N1d

S. ... ... 165



Geosynchronous Sunlit Kapton Quasi-sphere Continuation File

RDOPT 5
SUFAcE CELL I
LONGIXES'NP 1000
DE9LTA .02
DELFAC 1.4
RESTART
LICYC 7
XURSE 1
NG 2
lIZ 17
8URNZW 1.
END

TRILIN 5
SINGLE
1. 12 CGS
12 XXV
.236 CGS
2 9. 5 REV
END

rND

Geosynchronous Sunlit Kapton Quasi-sphere 2nd Continuation File

RDOP? 5
SumFAC CELL 1
LONG'WZMSTEP 1000
DELTA .211
DELFAC 1.4
RESTART
VCTC 20

MG 2
NE 17
SUNZIN 1.
END

TRILIN 5
SINGLE
1.12 CGS
12 liV
.236 COB
29.5 REV

Geosynchronous Sunlit Kapton Quasi-sphere 3rd Continuation File

RDOPT 5
SURFACE CELL 1

*WMUOTZ8?P 1000
WLA 64

DZLFAc 1.*4
RMaART
NCYTC 20
DMUS 1
NO 2
NE 17
SUNINT 1.
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END
TRILIN 5

SINGLE
1.12 COS
12 KKV
.236 CGS
29.5 KZV

END
EMD

Geosynchronous Sunlit Kapton Quasi-sphere Termtalk Execution fort3 File

The computer code Termtalk is used to examine the time history of the surface
potentials.

A group of those cells facing in the I I I or -I -I -I direction is defined. These cells
are those facing the sun and directly away from the sun, respectively. The history of the
potentials one of the cells of each group and the ground potential is requested.

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>Votl
CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>history
HISTORY COMMAND OR MODE SET ?
>subset one
DEFINITION OF NEW SUBSET NAMED one

159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>nowmal 1 1 1

4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>whioh
MEMBERS OF GROUP one

127 128 133 158 0 0 0 0 0 0
4 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP one WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'HIST'
HISTORY COMMAND OR MODE SET ?
>subset minus
DEFINITION OF NEW SUBSET NA1MED minu

159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>nolasl -1 -1 -1

4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>which
MEMBERS OF GROUP minu

1 26 31 32 0 0 0 0 0 0
4 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP minu WItH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE IHIST'
HISTORY COMMAND OR MODE SET 7
>127,1,-1

POTL IN VOLTS
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TIME 127 1 -1

#1 #2 #3 #4 #5 *6 #7
1.Oe-02: 5.52e-O1-1.72e-Q1-1.07e-O1
2.4e-02: 1.54e+00 8.60e-01 1.02e+00
4.4e-02: 3.49e+00 1.17e+00 1.4'7e+00
7.2e-02; 4.18e+00 1.95e+00 2.44e+00
1.le-O1: 2.04e+OO-4.77e-02 7.31e-O1
1.7e-01: 2.48e+0O-1.25e+OO-1.07e-Oi
2.4e-01: 2.80e+OO-2.50e+OQ-8.48e-O1
3.5e-01: 3.Ole+OO-5.18e+OO-2.82e+OO
5.0e-01: 3.07e+OO-8.08e+OO-4.71e+OO
7.le-01: 2.93e+OO-1.27e+O1-7.96e+OO
1.0e+00: 2.39e+0O-1.99e+O1-1.31e+O1
1.4e+00: 8.60e-O1-3.06e+O1-2.lle+Ol
2.Oe+OO: -2. 55e+0O-4 .61e+O1-3 .28e+O1
2. 8e+OO -7. 02e+OO-6 .79e+O1-4 .92e+O1

3. 9e+OO:-1 .40e+O1-9.85e+O1-7 .25e+O1
5.5e+OO:-2.31e+O1-1.41e+02-1.05e+02
7. 8e+OO: -3. 63e+O1-2 . Oe+02-1 .49e+02

1. le+O1: -5. 38e+O1-2. 82e+02--2 .12e+02
1. 5e+O1: -8. 08e+01-3 .96e+02-2 .98e+02

2. le+O1: -1. 13e+02-5. 50e+02-4. 16e+02
3.Oe+O1: -1. 64e+02-7 .61e+02-5 .76e+02

4. 2e+O1: -2. 26e+02-1. 04e+03-7 .92e+02

5. 9e+O1: -3. 18e+02-1 .42e+03-1 .O8eq-O3
8 .2e+O1: -4 .33e+02-1 .91e+03-1 .46e+03

1. le..02:-5.97e+02-2.54e+03-1.94e+03
1. 6e+02: -7. 89e+02-3 .32e+03-2. 55e+03
2.3e+02:-1.06e+03-4.28e+03-3.29e+03
3. 2e+02: -1. 37e+03-5 .42e+03-4 .19e+03

3. 8e+02 -1. 77e+03-6 .42e+03- . 02e+03
4. 6e+02:-2. 16e+03-7 .46e+03-5 .87e+03

5. 8e+02:-2. 59e+03-8 .61e+03-6 .79e+03

6. 6e+02:-2. 98e+03-9 .61e+03-7 .63e+03

7. 8e+02:-3. 44e+03-1 .06e+04-8 .48e+03

9. 4e+02: -3. 82e+03-1. 18e+04-9 .40e+03

1. 1e+03:-4.27e+03-1.30e+04-1.04e+04
1. 4e+03:-4. 68e+03-1 .42e+04-1 .13e+04

1. 7e+03: -5. l8e+03-1. 54e+04-1 .23e+04
2.Oe+03:-5.61e+03-1.67e+04-1.34e+04
2. 5e+03: -6. 15e+03-1 .80e+04-1 .44e+04

3. 2e+03: -6. 60e+03-1. 93e+04-1. S5e+04
4. le+03: -7. 15e+03-2. 06e+04-1 .66e+04
5. 5e+03: -7. 61e+03-2. 17e+04-1 .75e+04
1. 2e+04:-8. 16e+03-2 .26e+04-1. 83e+04
2 .2e+04: -8. 53e+03-2 .28e+04-1 .86e+04

3. 5e+u4: -8. 86e+O3-2 .28e+04-1. 87e+04
5. 3e+04: -8. 92e+03-2 .28e+04-1, 87e+04
7. 9e+04 -8. 98e+03-2 .28e+04-1 .87e+04

1.le+05:-8.97e+03-2.28e+04-1.87e+04
1. 6e+05: -8 .97e+03-2 .28e+04-1 .87e+04

POTL VERSUS LOG(TIME)
1. 00e+04 ...............................................................................
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0.00e+00+ ....... 3..3.3.33.333.33333.333333.3111 ........................................
233311 11

233 11
2 3 11.

23 1.
23 1

3 .11
23 11

23. 1
2 3. 11

23. 1 1
3 1 ii 1

-1.OOe+04+ .............................................. 23 ..............................
2.

23
3

2 3
.23

2
3

2 3
3

2 3 33 333 3
2

-2.OOe+04+............................................................................
2

2
2 22 222 2

-3.00e+04+ ......................................................................
-3.OOe+O0 -1.OOe+O0 1.OOe+O0 3.OOe+O0 5.OOe+O0 7.OOe,

HISTORY COMMAND OR MODE SET ?
>exit

C.6 Auroral Kapton Quasi-sphere at Orbital Velocity

The following files are the input and output files for the Auroral Kapton Quasi-sphere
at Orbital Velocity problem shown in Figures 21 and 22 in Chapter 2. Standard input files
are shown for the vehicl, orient, and nterak executions. vehicl defines the object, orient,
orients the object within the grid, and nterak computes the interactions.

Standard Input For vehici Execution For Kapton Sphere in the Auroral
Environment At Orbital Velocity

nXy 11 1. 11
vuach 0 0 0.001
utplote yes
makeplot 4
plotair 2 3 5
plotdir -2 -3 -5
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plotdir 4 -3 -5
plotdir -2 3 5
obidef 5
end

QSPRMa

CurlER 0 0 0
DIAWhTER 7
SIDE 3
MATERMAL KAPTON

Standard Input For orient Execution For Kapton Sphere in the Auroral

Environment At Orbital Velocity

end

Standard Input For nterak Execution For Kapton Sphere in the Auroral
Environment At Orbital Velocity

comment Initialize
ISTART NEW

couent Choose Physical Models to be used.
1GICML YES
ST!IM ON
AVRPRTCL ON
THIMSPRD ON

cosent Convergence Parmoeters
WAXITT 1

POTCON 4
DRLTAT 5e-5
DVLIM 50

comment Define Cosputat. Grid
D]DUSE 1

NZADUT 9
AUXlM 9

KYAWI 9
WYAMD 9
NZADOM 6
NZTAIL 42

coment Define the plasma environmnt
DIS 3.55.9
TZtP 0.2
D=N2 6.005
TUNP2 8.023
GAUCO 4.004
XMAUT 2.434
DELTA 1.634
PONCO 3.0911
ALPALM 1.1

PCUTL 50.0
PCUTE 1.636

com~nt Define the initial potential
COmmV 1 -1

cosinnt Iterate on the analytical nodules
DELTAT 2e-5
LOOP 5 PWASU• CURRIJ CMARGI
DELTAT 5e-5
LOOP 5 PWUM CURRRU CNKRGI
DELTAT 1e-4
LOOP 5 PWAMOM CUPREN CRARA
DELTAT 2*-4
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LOOP 5 PWASON CURWW CHAMGE
DELTAT 5e-4
LOOP 5 PW80N CURREN CAORG
DELTAT 1e-3
LOOP 5 PWABON CURR.N CKh-RE
DELTAT 2e-3
LOOP 5 PWAON CURREN CHARGE
endrun

Standard Input For Continuation Run Of nterak For Kapton Sphere in the Auroral
Environment At Orbital Velocity

coment Initialize
ISTART CONT

commaet Choose Physical Models to be used.
IGIChL NO

AVIPRTCL ON
THUNSPRD ON

oonaet Convergence Parameters
NAXITT I
POTCON 4
DELTAT 5e-5
DVLIN 50

coment Define Computat. Grid
DMWZ8 I
MZADWI 9
NZADnU 9
NYADUT 9
WAiWS 9
MNDON 6
NSTAIL 42

Coment Def ine the plasm environment
DENS 3.55e9
TRW 0.2
DW2 6.035
?T3P2 8.03
GAUCO 4.04
NUUT 2.424
DELTA 1.634
PO-CO 3.0211
PALPIA 1.1
P--• & 50.0
lOTTE 1.636

comment Define the initial potential
CONDY 1 -2.

comeent Zterate on the analytical modules
DELTAT 5e-3
LOOP 5 8" CODUM= CEARM
DELUTA 1*-2
LOOP 5 IWASOM CUR CEAu M
-ELTAT 2e-2
LOOP S i5 wO.M COUM •CMAoG
DELTAT 5e-2
LOOP S IWA-SO CURMu ClUOI
DELTA 0.1
LOOP 5 MRSM CURlE ORA=N
DELTAT 0.2
LOOP 5 MaaAu CURlEW CIWIG
DELTA! 0.5
LOOP 5 lMON MwCUM CHAE
endrun
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Standard Input For Second Continuation Run of nterak For Kapton Sphere in the
Auroral Environment At Orbital Velocity

comment initialize
1STAh CON!

comment Choose Physical Models to be used.
IGICAL NO
8?TBAK ON
AVEPRTCL ON
TRMBPRD ON

comment Convergence Parameters
NAZITT 1
POTCON 4
DELTAT 50-5
DYLnI 50

comment Define Comutat. Grid
DX=Bw 1

NZADWT 9
KNMAN 9

NYADW 9
NYAm 9
NMADOW 6
DETAXL 42

comment Define the lias.n environment
DUMB 3.55e9
Too 0.2
D=N2 6.035
TIMP 8.0B3
GA•uCo 4.0*4
RHM 2.434
DELTA 1.634
POWCO 3.0211
PALPIA 1.1
PCUTL 50.0
pCUTE 1.636

comiont Define the initial potential
COmm 1 -1

comment iterate on the analytical mNd*eu
DZLTAT I
LOOP 10 PWAAOM C133 CZAR=

ELTAT 2
LOOP 10 HUO CUNUM CMARM
DRULTM 5
LOOP 10 P• CU N EN CUM
DELTAT t0
LOOP 10 MIAOM €•NComm CEAM3
eadrun

trmtlk Interactive Seasson For Kaptmn Quasisphere In The Auroral EnvironmenL

The trmtlk computer code is used to examine the surface potentials of the quasi-
sphere.

The latest module is used to determine the cells with the highest and lowest final
potentials. A subset of the ram facing cells is defined and a subset of the wake facing
cells is defined. The final surface potentials of each of these two groups is requested. The
single module is used to determine the location and potential of each of the wake cells.
Full information on the highest potential cell is requested. These high potential cells arm
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not those that directly face the wake, but have normals that are not parallel with the Z
axis. The elevated potentials on the surfaces with normals in the Z direction are due to
focusing. Finally, a time history of the surfaces in the center of the +Z and -Z faces, the
highest potential surface, and spacecraft ground are requested.

Welcome to POLAR 1.3 TRMTL ,...

Any AID may be called from any NODULE

MODULES AIDS
*el 1) 1+I i • bitt 44*

HISTORY AGAIN
LATEST HELP
SINGLE LOCATION #
SPECIAL OUTJ•NE

SUBSET
EXIT
SUBSET (GROUP NAMl)

Enter any MODULEIAID name or 'HELP' for help n latnt

LATEST cowand or NODE set n po•l
NODE RESET

LATEST comutind or NODE set nasgaltud.
NODE RESETI

LATEST comtand or O1DE set n list I to I")
FROM I To 159 ON LIST Or DECREASING ORDER
POTL IN VOLTS FOR POLAR CY%;LE I11 -.. TINS - A.848.02 SEC

154-1.15E+00 157-6.019.00 153-6.508100 155-7.61E*00 151-1,40E*01
5-1,07E602 4-3.082,02 2-3.482*02 18-3.619*02 8-2.70.*02
6-3.74E+02 17-3.98E+02 12-4,15.*02 23-4.15.*02 1¶8-4.203.02

150-4.22E.02 152-4M223.0, 156-4.23S.02 16-4.790.02 20-4. SII02
"19-4.901.02 15-4,90s+02 1-5.051s02 7-5.5d6*02 24-5.091+02
37-5.128.02 28-5.13E*02 3-S.142.02 22-.,171.*02 9-5.1S*02
13-5.18E*02 35-5.193.02 21-5.213.02 11-S.22E402 10-5.253.02
39-5.261.02 25-5.291*02 14-5.321*02 40-5.379.02 36-S.393.02
38-5.413*02 47-5,413*02 46-S,436*02 48-S,45.$02 27-5,3SE#3.,
29-5.613.02 88-5,882.02 71-5,92E102 79-5,92.*02 12-5.94.-02^
33-6.023.02 42-6.033.03 Bu-6.041*02 43-6.108.02 136-6.306.02

147-6.316*02 142-6.341*02 141-6.353*02 -1-6.443.02 73-6.563902
34-6,606.02 74-6,681*02 44-6.693*02 31-6,69.*02 70-6,1*02
72-6.72.*02 41-6.723.02 16-6ý75.*02 ?S-6.759*02 64-6-,75302
83-6,•70302 85-67191.02 86-6.81902• 49-6,821.02 R1-6.S3B.02
89-6,946*02 874-6.43*02 45-o6.5E*02 82-6.693.02 10-6,0•9s02
"77-6,908.02 26-7,081.02 30-7.16E.*02 56-,211*02 135-7,213902

137-7.263*02 146-7.276*02 144-1.278602 64-7,.28•02 143-7,213+02
140-7.293*02 53-7,311.02 140-1.31.*02 139-7.312*02 55-7.321.02
121-1.333*02 112-7.348,02 13147.341.02 122-7.379-02 66-7.3SRo02
99-7.406.02 108-7,409.02 65-7.413*02 63-7.41E202 54-1.421.02•
105-7,436+02 106-7,436*02 104-7.441.02 95-7.45R202 l13-7.453*.G
96-7.461.02 94-7.463.02 93-1.496802 100-tSt.*02 62-7.593.02
91-4.602*02 101-7,$tA*402 109-7.61t.02 101-7.629.02 92-7.671.#2
98-7?.E7B02 142-7.673.02 97-1.696*02 58-7.692.02 67-7,712802
50-7.73K.02 69-7.741*02 $2-7,163*02 5777.02 90-1.103.02
51-7.680302 61-71.88.02 60-1.40.202 68-7,•l.0•2 11314.02*.02

119-8.031602 130-8.043*02 120-0.046.02 124-8.068-02 111-8.011*02
132-8.086*02 59-0.091*02 123-B.091.02 129-8.32E-02 114-.332.02
128-C,339.02 115-8,333.02 118-8,1)*02 133-4.346.02 125-8.362902
110-8,376.02 126-8.373*02 127-8.408302 117-0.406.02 116-8.42.402
145-8.469.02 149-8.482.02 138-8. 480602 134-8.$06.02 0 0.009*00
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LATEST commiand or MODE set >> sublt raw
DEFINITION OF NEW SUBSET NAMED RAN

159 REMAINING IN GROUP

SUBSET coowe d please >> sul 0 0 1
9 RMA.INING IN GROUP

SUBSET cousand please -. do
GROUP RAM WITH 9 MBERS IS NOW DEFINED
RETURNING TO MUWLE 'LATE'

LATEST command or MODE set n> sibset akse
DEFINITION OF NEW =$USET HAMSO WAKE

159 REMAINING IN GROUP

SUBSET command please ?,N caU 0 0 -1
9 REMAINING IN GROUP

SUBSET coamiand please• o, nt-
GROUP WAKEs WITH 9 HOMERS is HOW DEFINED
RETULING TO OWLE "LATE"

LATEST coecand or NODE set >- gncug cm
PO? IN VOLTS M POA CVCLI 111 ... TIME I b.54z*02 SW
154-.15E*00 157-6.01EO00 153-6.50E.00 I5-7.bl•*00 .51-1,.t409*t.'
156-4.201'02 150-4.2219.03 15-4.221*02 156-4.23R*02 0 0.01R*O0

LATEST command or NODE set Wcgins *A*
OT? .IN VOLTS FOR POLAR CYCLE 111 ., TIME 1.341.*042 1eC

,-1.078*02 4-3,08E*03 2;-,49*'02 0 -). 703.*O 6-3,74W202
I-S. 05%402 7-.061.02 3 -5S,149w03 9-S.1St.03 0* 001*00EO

LATST comiad or K= set nsnte

SINGLE contend or #M~ seft no I

SURwFA* NO. 1 CD tWD AT 5 so S.50 .. 00
MATUIA 1S KAP?

PO L -S.*46Zk** VOLus

SIOGLS ctavosnd or W=O wot .*s I

MtYRPACK NO. 2 CCI•LWAT 4.50 . . s0 3.00

S-3.4419E*02 VOLT

51tJOX coES nd or 99001 140k 3l

fTIAIAL is Y.AM'

0 1A c.eaad or ow" set n14

SWftAMt wO 4 cflflfl0 AT. 5.0 4O.50 1.00-

OTOIMIAL -S.01$tes.02 VOLTS

tINGLE COamand Or NOWS 141n 5
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SURFACE NO. 5 CENTERED AT 6.50 6.50 3.00
MATERIAL IS KAPT

POTENTIAL = -1.0733E+02 VOLTS

SINGLE command or MODE set >> 6

SURFACE NO. 6 CENTERED AT 7.50 6.50 3.00
MATERIAL IS KAPTq

POTENTIAL = -3.7373E+02 VOLTS

SINGLE command or MODE set >> 7

SURFACE NO. 7 CENTERED AT 5.50 7.50 3.00
MATERIAL IS KAPT

POTENTIAL = -5.0558E+02 VOLTS

SINGLE command or MODE set >> 8

SURFACE NO. 8 CENTERED AT 6.50 7.50 3.00
MATERIAL IS KAPT

POTENTIAL = -3.6974E+02 VOLTS

SINGLE command or MODE set >> 9

SURFACE NO. 9 CENTERED AT 7.50 7.50 3.00
MATERIAL IS KAPT

POTENTIAL = -5.1751E+02 VOLTS

SINGLE command or MODE set >> everything
MODE RESET

SINGLE command or MODE set >> 138

SURFACE NO. 134 CENTERED AT 4.33 4.33 9.67
MATERIAL IS KAPT NORMAL IS -1 -1 1
SHAPF IS EQUILATERAL TRIANGLE SURFACE AREA = 8.6603E-01 M1*2

POTENTIAL = -8.4963E+02 VOLTS
UNDERLYING CONDUCTOR NUMBER IS 1
UNDERLYING CONDUCTOR POTENTIAL = -6.4448E÷02 VOLTS
DELTA V = -2.0515E÷02 VOLTS
INTERNAL FIELD STRESS = -1.6154E÷05 VOLTS/METER
EXTERNAL ELECTRIC FIELD = -3.1022E÷02 VOLTS/METER

FLUXES IN AMPS/METER**2
INCIDENT ELECTRONS -1.4905E-05

RESULTING SECONDARIES 1.4646E-06
RESULTING BACKSCATTER 1.5587E-06

INCIDENT IONS 1.0949E-05
RESULTING SECONDARIES 7.8050E-07

BULK CONDUCTIVITY -1.61543-11
HOPPING CURRENT 0.0000Z+00
PHOTOCURRENT 0.0000E÷00

TOTAL FLUX THROUGH SURFACE -1,5159E-07
SINGLE command or MODE set >> history

HISTORY command or MODE set .p 154.5,1341-l
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POTL in Volts

TIME 154 5 134 -1

$1 12 #3 14 36 07

2. 0E-i5: -7.028.00-7.026.00-'?. 022.00-7.022.00D
4.0E-05:-2. 54E.01-2.548.*01-2. 542.01-.2.54E.01
6.08-05: -4.258.Ol-4.,25S.01-4. 256.01-4. 252.01

1.5C-04:-1.06&.02-1.066.0Z-1.-062.02-1.06E.02'ý

* .06-04~-1.36E.02-i.36S.02-1.36E.02-1.368.02

1.5-04t1.45. 01t02 -1.6%E*02-41465&.*02-L6SC'0200
t.0IEr-04 t-S.2.0Z-192802 6 WOx-1.92202 -6.1092602
1. SE-01: -S.l'It02 -2.1Q2-M'-. 189,02-6.2REi*02
4.15.-01 -S:, 57.0*-024 .57602 -571.02 -2. 571.02

*. 09-01 -4. 06-002-6. 3Zs'o2-4.ý 31*0 M l4. 601t*02

2.36=0: -¶.166=*02-5.OgqsqP7-$.RfltO-5A1-g*0Zwl

1.414 -6.303.24. 305102=6 .310.312

3.9~)~43fl.2-440E034.l3.24.116o



4E-01 -F-.u. % O1F.02-1 '..IE. t'. ý
9 4IE-01 4fr>02 4 4EO'S.2L67EO.0.
I IE.QO EA~.) 4 5ftro'Q2 6t~- 67E.O..
1 IE-00I'.O. 46E.O2 *7 I.4 66E.02

* I5E.00-1 451-.02 4 349*02 7 ~7.j65F-302
!.IE00 -1 ýIE.02 4 09F..02-'7.93E-OL.. 64K.02
I.9E*00--R 3RE-01-3 91E*02-7.99V.(i.:-6.62E*O2
2.4E.OO:.ý-0qE-O1-3.64E.02-S.12E.O2-6.63E.O2
'.9E.O00-) !OE.Q1-1 SRZ.02-6.22E-02-5 611.02
3.4E.00-: RI~E.O1-3 IRE*02-9 '6E#02-6 601.02

* ~ ~ 19E.00- -4~~EQ- )1K.02-9.33E-o2-C $RE.02
4.4E-00-1 F.ýE00-125E.02-q.36E.Q>-6.57E.02

6.4E-30 - qF?.O, I ORE.02-R.44E..0.*ý 54E1.02
.. 4El.0 -1 97E*02-SAIE0-..'.) 51E*-02

9.4E-00:-; * 293E.02-S.44E*l'2-,S.52E.02
I? 4E-00 -1 -*AE V-2 RIE-02-A 41E.4ý2-.0E.SOE2

I0-.F21 -1 'j4F-31 - 7AE.02-RA6E.'32-s SOE-O:
I 1E-01 -! ')E.2& 2 ,E*02-q.45E-0.0;49E#02
1.2E1.0-l E.&K 11.02-8.45E-02-6 4RE-02
I 31.01 -1S2 :A SE.02-$4 4'E.02-6,47E.02

1.41-01.-l '!E-C-)2 33E.02-R.41jEO.026 S461.02
I.6E-0l--: 44E.0-~-.25330241 4'7EO-G20546E*0O

'.01.01 -1 4'-'E00 ' 1RE*02-8.4RE.02-6.46E*02
21.2E-01 -*.40E.k^,o-4 IIE.02-0 491.02-6.46E*02
1.4E-01 -1 3JME.02-2.03E.02-RL45E.02-6S.46E.02

251.0--i 6E.C`-IARZ02-R.47E1.0t.,46E.02
2.9E.01:-I 3SE-00-1 92E.02-8.46E.02-6.46E*02
2.01.01:-! 33E.00-1.86E.02-8.46E-.0-6.46E.02
3.2E-01:-.' 12E-00-1.SOE-02-R47E-02-6.46EO02
3.41.01:-' 30E-00-1.75E.02-8.45E.02-,S.46E.02
3.9E-01:-! 29E-.IC-1.71E.02-8.46E.02-6.45E102

4-9E.01:-1.271.-00-.61E.02-8.49E102-6.451-02
5.4E-01:-! 261.00 D1.561.02-.411.02 4.451.02
5 9E.01 --: 25E.00-1.52E.02-8.51E.02-6.45E.02
1; 4E.01ý-1.24E.00-I.48E.02-8.44E102-6ý451.02

7.4101-i23E.00-1.44E.02-8.49E*02-6.,451.02
AE.91.O-1.22EýO0-1.40E*02-8.49E*02-'6 451.02

'41.401 -1.21E.00-1.34E.02-R 521.02-6.4$E.02
9 41.01:-l 201.00-1.12E.02 . . E.02-6.45E.02
1.01.02:-1 201.00 .i28E.02-8.4.F-026, 44E-02
1.1E.02 -1.19E-00-1.26E.02-8.45E102-6 451.021

14V.02 * E2-1 7E*02-8.471*.' 44E.02

1.61.02 -- 16E-'0-1,12E*02-9.43E<Q2 441.02
1.7E.02 -1 !-;E-1:0 ;IOE0102-R 43E..,' * 44E.02
I.RK.02 -1 151.00 1 07P--02-O 50E-02 ~44E.0'61

FwP(A1 versus TIME i n SeeOnds

4.
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42 , - . , -

49

4 44444444"4494 4 4 4 94 4 4 4 4 4 .4 A 4 4..4 4 4

33i33333i :_3 3 33 4 .

4.4.009-O1 1. 20A.02 I 40E.020,F0-

HI STORYX commnd or MODE -- >et >It

C.7 S innin Spccrf in Geosyscdrmaoo Orbit-SCATHA

The following file% am, the input and ou"pw files from the various computer codes used

in Section5. 1. 1

Matchlg ixecution fort. fer Spimmi , Specaecraft in Gemymebrumus Orbit
SATHA

Thi%. i- the (Mo1 file gen.tsed from the execut••n of Matcbg to create Table 4. The
cn% minnient is set to thlk %Lverc %ubtorm= environment using the change environment
comi.Md The matenal j% %et to gold A summary of potntials and currnts before and

after charging is requested The prcess is repealed for all of the surface nuierials. During
the cxecution. the object definition file (below) war used as a fot.8 for material

SME . T IIA"A"GP A MATERZAL i•J . I AG
PV -.PAN( ?CPE HELP AT AIN( TIME P"' ASSI'T4*'iI

E1r*F -4"- ?I"% ':WLK MKAXEL.AN

Chen"e Mvi "I I. 12e4
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ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NEI = 1.12e*06 (MN--3) TEl = 1.000 KEV
IONS : Hi = l.OOe+06 (MN-3 TI1 = 1.000 KEV

chmnge esal tel 12

ENVIROWEUIIT IS A SINGLE MAXWELLIAN

* ELECTRONS: NEI - 1.12e+06 (MI, 5) TEl = i2.0uo0 FEV
IONS : Nil 1.00e*06 (M**-8 TI1 = 1.000 FEV

charge oeai nil 2.36*5

•hVIR(]OIWT I:; A 'INGLE MAXWELLIAN

EI.E(TRONS: HI I..12eQ06 (MI" S) TEl 12. 000 F'E'
ItOS Nil J*..e+05 IMN -I TI! 1.00o KEV

change 1¶ij til 29.S

ENVIR0UENT IS A SINGLE MAXWELLIAN

ELECTRONS: NEI = 1.12e+06 (M-0-31 TEl = 12.000 KEV
IONS : NIl = 2.36e*05 (M"*-3ý TII = 29.500 KEV

change mteri&l GOLD

MATERIAL IS GOLD

wnult charg

CYCLE I YIME 0.00e+00 SECONDS PO-'.TIAL 0.00e*00 VOLTS
INCIDEWT ELECTRON CURRENT -3. 30e-06

SECONDARY ELECTRONS 1. 29e-06
BACKSCAITERED ELECTRONS 2.10e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELZrCTONS 1. 02e-07

NET CURRENT 2.17e-07 NRIPS/N*"2
CYCLE 16 TIME 8.00e-01 SECONDS POTENTIAL 3.3ge-01 VOLTS
INCIDETI ELECTR" CURP•AT - 3. 30e-06

SECONDARY EIAECRONS I .09e-06
BACKSCATTERED ELECTROMS 2 10e-06

INCIDENT PROThON CURRDIT 2.54e-08
SECONDARY ELECTRONS 9.64e-08

NET CURROIT 2.R3e-10 AMPS/MN*2

champnoetetiel magAa

MATERIAL IS SOL%

omlt charg

CYCLE 1 TINE 0.OOeOO SE)O•MS POTENTIAL 0 00e,0n VOLTS
THCIDBT ELECTRON CURRENT -3 loe-06

SECONDARY ELECTRONS I 45e-06
BACKSCATTERED ELEMONrs I 07e-06

INCIDEIT PROTON (URRENT 2 54e-09
SECONDARY ELECTRONS t 92e-OR

BULK CONDUCTIVITY CUIPRENT 0 00u..O

NET C'JRPEWF 6 )14e-07AJP'"
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CYCLE 99 TIME 3.23e+04 SECONDS POTENTIAL -1.82e+04 VOLTS

INCIDENT ELECTRON CURRENT -7.24e-07
SECONDARY ELECTRONS 3.19e-07
BACKSCATTERED ELECTRONS 2.34e-07

INCIDENT PROTON CURRENT 4.10e-08
SECONDARY ELECTRONS 1.19e-07

BULK CONDUCTIVITY CURRENT 1.02e-09

NET CURRENT -1.02e-OR AMPS/M**2

change material =EIT=Z

MATERIAL IS WHIT

result charge

CYCLE 1 TIME 0.00e÷00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 7.33e-07

BACKSCATTERED ELECTRONS 8.Ole-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1. 14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 14 TIME 4.49e÷04 SECONDS POTENTIAL -1.23e+03 VOLTS

INCIDENT ELECTRON CURRENT -2.98e-06
SECONDARY ELECTRONS 6.62e-0 7

BACKSCATTERED ELECTRONS 7.23e-07
INCIDENT PRCOTN CURRENT 2.65e-09

SECONDARY ELECTRONS 1.19e-07

BULK CONDUCTIVITY CURRENT 1.45e 01ý

NET CURRENT -2.32e--10 AMPS/M**2

Change material SCum3

MATERIAL IS SCRE

result oCarge

CYCLE 1 TIME .00e*.00 SECONDS POTENTIAL 0.00e÷00 VOLTS

:NCIDoENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 0,00e+00
BACKSCATTERED ELECTRONS 3.24e-07

II1('¢DENT PROTON CURRENT 2.54e-08
SECONDARY ELE'TPUNS O.OOe*00

NET *URRENT -2.95e 0", AMPSIM**2
C(','.LE 99 TIME 3 5le*O" SECONDS POTENTIAL -2.76e+04 VOLTS

TNCIDL.,T ELEC(TR* CUPRRENT -3.31e o0?

SECCNDARY ELECTRONW, 00 *+00
BACESCATTERED ELECTPONS 3 26e-0k

1IsCIDENT PROTON CIRRENT 4.91e.O0
SECONDARY EL, TPýW; 0,00e' O0

NKT 0'URfENT -2.SO 07 AMPS/,H*2

chage material UIWLC

MATERIAL IS YELv

result charge

190



CYCLE I TIME 0.00e+00 SECONTNh, POTENTTAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.01e-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1. 14e-07

NET CURRENT -1.62e-06 AMPS/M* 1 2
CYCLE 99 TIME 2.24e+03 SECONDS POTENTIAL -2.12e+04 VOLTS
INCIDENT ELECTRON CURRENT -5.65e-07

SECONDARY ELECTRONS 1.26e-07
BACKSCATTERED ELECTRONS I.37e-07

II4CIDENT PROTON CURRENT 4. 36e-08
SECONDARY ELECTRONS 2.09e- 07

NET CURRENT -4.99e-08 AMPS/M*•2

change material PDOOLD

MATERIAL. IS PDGO

result charge

CYCLE I TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 1.46e-06
BACKSCATTERED ELECTRONS 2.03e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.02e-07

NET CURRENT 3.17e-07 AMPS/M**2

CYCLE 22 TIME 5.47e-01 SECONDS POTENTIAL 4.53e-01 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 1. 16e-06
BACKSCATTERED ELECTRONS 2.03e-06

INCIDENT PROTON CURRENT 2 54e-08
SECONDARY ELECTRONS 9.16e-08

MET CURRENT 2.46e-10 AMPSiM"2

ange material BZ&M

MATERIAL IS BLAC

remit charge

CYCLE I TIME 0.00e.00 SECONDS POTENTIAL 0.00e+0O VOLTS
INCIDENT ELECTRON CURRENT -3. 30e-06

SECONDARY ELECTRONS 1.13e-07
BACKSCATTERED ELECTRONS R ,0e-07

INCIDEIT PROTON CURRINT 2.54e-O8
SECONDARY ELECTRONS 1. 14e-07

MET LURRENT 1-i 62e-06 AMPS/Mo*2
CYCLE 99 TIME 2.24e*03 SECONDS POTENTIAL -.. 12e.04 VOLTS
INCIDENT ELECTRON CURRENT S.65e-0 7

SECONDARY ELK"TRONS 1 2be-07
BAC"'CATTEPED ELECWRO I 7, - 07

INCIDENT PROTON ('IJR.ArNT 4 i-v 08
SECONDARY ELECTRONS " o, 07

NET CURRENT 4 99P.•OR AMPS.l'".:

chaW material FaPUW
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MATERIAL IS KAPT

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.Ole-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 99 TIME 1.77e+04 SECONDS POTENTIAL -2.08e+04 VOLTS

INCIDENT ELECTRON CURRENT -5.84e-07
SECONDARY ELECTRONS 1.30e-07
BACKSCATTERED ELECTRONS 1.42e-07

INCIDENT PROTON CURRENT 4.32e-08
SECONDARY ELECTRONS 2.07e-07

BULK CONDUCTIVITY CURRENT 1.64e-08

NET CURRENT -4.56e-0$ AMPS/M**2

change -ateriLl 8102

MATERIAL IS S102

result charg

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 1.33e-06
BACKSCATTERED ELECTRONS 1.07e-06

INCIDENT PROTON CURRENT 2.54e-OR
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -7.59e-07 AMPS/M**2
CY('Li 4 TIME 1.89e+04 SECONDS POTENTIAL -7.53e+01 VOLTS
INCIDENT ELECTRON CURRENT -3.28e-06

SECONDARY ELECTRONS 1.32e-06
BACKSCATTERED ELECTRONS 1.06e-06

INCIDENT PROTON CURRENT 2.55e-08
SECONDARY ELECTRONS 1. 14e- 07

BULK CONDUCTIVITY CURRENT 7.53e-07

NET ("UPRENT -1.56e-10 AMPS/M*'2

change material YIW LU=

MATERIAL IS TEFL

result charge

"YCLE I TIME 0 Ofw,(J) SECONDS POT'ENTIAL 0.00e*00 VOLTS
IN'tDENT ELECTRON CURRENT -3.30e 06

SECONDARY ELE(`TP"N!E 1. J5- ("6
BACKSCATTERED ELZ(TR'iNS 9.25e.'T

INtIfl2ENT PROTON CURRFNT 2.54t- 1)9
SECONDARY ELE(TRO-)N:i I- 14e. W?

•'.•','";I.I •ONX.JIVITY (U.'lllJ~T 0. 0O*sOO

NFT "'IPENTK X 40o 0" ANP:;,M'62
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CYCLE 99 TIME 1.86e+04 SECONDS POTENTIAL -1.69e+04 VOLTS
INCIDENT ELECTRON CURRENT -8.08e-07

SECONDARY ELECTRONS 3.32e- 07
BACKSCATTERED ELECTRONS 2.27e-07

INCIDENT PROTON CURRENT 3.99e-08
SECONDARY ELECTRONS 1.88e-07

BULK CONDUCTIVITY CURRENT 1.33e-08

NET CURRENT -B.63e-09 AMPS/M**2

change material INDOX

MATERIAL IS INDO

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 6.61e-07
BACKSCATTERED ELECTRONS 1.46e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.18e-07

NET CURRENT -1.03e-06 AMPS/M**2
CYCLE 99 TIME 1.01e+03 SECONDS POTENTIAL -1.82e+04 VOLTS
INCIDENT ELECTRON CURRENT -7.24e-07

SECONDARY ELECTRONS 1.45e-07
BACKSCATTERED ELECTRONS 3.21e-07

INCIDENT PROTON CURRENT 4.10e-08
SECONDARY ELECTRONS 2.01e-07

NET CURRENT -1.54e-08 AMPS/M**2

change material YGOLDC

MATERIAL IS YGOL

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0,00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 2.29e- 07
BACKSCATTERED ELECTRONS I. 74e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS I.02e-07

NET CURRENT -1.20e-06 AMPS/M**2
CYCLE 99 TIME 8.68e+02 SECONDS POTENTIAL -1.99e+04 VOLTS
INCIDENT ELECTRON CURRENT -6 27e-07

SECONDARY ELECTRONS 4. 36e-08
BACKSCATTERED ELECTRONS 3.31e-07

INCIDENT PROTON CURRENT 4.25e-08
SECONDARY ELIECONS I. R2e-07

MET CURRENT -2,R1e-08 AMPS/NI*2

chamge material ALIIU

MATERIAL IS ALUM

result char"

"YCLE I TIME 0.)OU. O0 ".EVQNIr; Pi'hMTIA1. 0 1) Po-o*w . IP'',
if)$- 06



SECONDARY ELECTRONS 6.75e-07
BACKSCATTERED ELECTRONS 1.18e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 6.92e-08

NET CURRENT -1.35e-06 AMPS/M**2

CYCLE 99 TIME 7.71e+02 SECONDS POTENTIAL -2.22e+04 VOLTS
INCIDENT ELECTRON CURRENT -5.17e-07

SECONDARY ELECTRONS 1.06e-07
BACKSCATTERED ELECTRONS 1.85e-07

INCIDENT PROTON CURRENT 4.45e-08
SECONDARY ELECTRONS 1.3le-07

NET CURRENT -5.10e-08 AMPS/M**2

change material BOKAT

MATERIAL IS BOMA.

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 1.28e-06
BACKSCATTERED ELECTRONS 1.97e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.02e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT 8.39e-08 AMPS/M**2
CYCLE 7 TIME 8.27e-01 SECONDS POTENTIAL 1.24e-01 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS .2le-06
BACKSCATIERED ELECTRONS 1.97e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 9.62e-08

BULK CONDUCTIVITY CURRENT -2.49e-14

NET CURRENT 2.76e-I0 AMPS/M**2

change material ML12

MATERIAL IS ML1.2

result charge

CYCLE 1 TIME 0.00-!.400 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURPRENT -3.30e-06

SECONDARY ELECTRONS 8.122e 07
BACKSCATTERED ELECTRONS 8.67e-07

INCI)ENT PPOTON CURRENT 2.54e OR
SECONDARY ELE("rpNs i1 14e- 07

NET 0URRFNT -1.47o Of) AMPS/M'*2

CYCLE 99 TIME ". 09t-O." S)ECONDS POTENTIAL 2.06e+04 voi:rn;

INCIDENT ELECTRON CtJHRRNT -5,.93. 0*1
SECONDARY I.LE(TRUN. 1. 4Re..07
BACgSCATTERDI) FI.F*TPQNS 1 . S60. 07

I•CIDENT PRiYIX)N CJVRiWi' 4. S If OR
SECONDARY EL.(T•jN, 2.Oto.. 07

,'T •'IET -4.00•.. O ANPS/M'62



[EXIT]

The following tiles are used to execute Nascap for the SCATHA exanaple. The first is
the standard input file, which gives the options and initial potential. The second is the
object definition. The third is the environment definition file.

Staneard Input to Nascap for Spinning Spaccraft in Geosynchronous Orbit-
SCATHA

rdopt 5
delta 60.
longtimestep
ncyc 20
ng 4
nz 33
mash 0.115
ciJ 1 2 30e-12
aiJ 1 3 30e-12
cij. 1 4 340e-12
ciJ 1 5 30e-12
ciJ 1 6 250e-12

obidef 20
c*paci
ips

pcood 1 -10300
yeoon 2 -21200
Poond 3 -21200
pood 4 -18300
DoOM 5 -18200
PonM 6 -182•0
end

trilin
end

Environment File (fort.22) for Spinning Spacecraft in (;eosynchronous Orbit-
SCATHA

single ragwllian
1.12e4 ft
12 Ue
2. 14*5 ek
29. kes
esa

Object Definition File (fort.3) for Splniq% Spamerft in Gesymcbronom Orbit-
SCATHA

This file is alWm) utd as a ft.,8 nwtcrial definitiom file lW the execution of Matchg.

LA .001 -1. It. .08 ,I WI.3 .93

I I



53.5 1.73 .413 135. .000029 -1. 15. 16.
17. 18. 19. 20.
SOLAR
3.8 .000179 1.3-17 10. 2.05 .41 77.5 .45
156 1.73 .244 230. .00002 1.3+19 15. 16.
17. 18. 19. 20.
WHITEN
3.5 .00005 5.93-14 5. 2.1 .15 71.5 .6
312 1.77 .455 140. .00002 1.3+13 15. 16.
17. 18. 19. 20.
SCREEN
1. .001 -1. 1. 0. 1. 10. 1.5
0. 1. 0. 1. 0. -1. 15. 16.
17. 18. 19. 20.
YLOWC
3.5 .001 -1. 5. 2.1 .15 71.5 .6
312 1.77 .455 140. .00002 -1. 15. 16.
17. 18. 19. 20.
PDOLD
1. .001 -1. 70.1 1.03 .72 88.8 .92
53.5 1.73 .413 135. .000029 -1. 15. 16.
17. 18. 19. 20.
BLACKC
3.5 .001 -1. 5. 2.1 .15 71.5 .6
312 1.77 .455 140. .00002 -1. 15. 16.
17. 18. 19. 20.

3.5 .000127 1.3-16 5. 2.1 .15 71.5 .6
312 1.77 .455 140. .00002 1.1+16 15. 16.
17. 18. 19. 20.
8102
3.8 .000275 2.75Z-12 10. 2.4 .4 116 .810
183 1.86 .455 140. .00002 1.2+11 15. 16.
17. 18. 19. 20.

2. .000127 1.1-16 7. 3. .3 45.4 .4
218. 1.77 -455 140. .00003 1.9+16 1i. 16.
17. 18. 19. 20.
ZND0R
1. .001 -1. 24.4 1.4 .A -1. 0.
7.18 55.5 .490 123. .000033 -1. 15. 14,
17. 1U. 19. 30.
YGOLDC

1. .001 -1, 42. 1.49 .44 -1. 0.
1.78 1.03 .413 135. .000034 -1. 15. 14.
17. 1i. 1t. 30.
ALSUM
1. .001 -1. 13. .97 .3 154. .A

220. 1.76 .244 330. .00004 -1. 15. 1t.
17, 1. 19. 20.

2. .005 1.5-15 63.4 .6 .4 8g. .92
53.5 1.13 .413 13S. .0000373 1.e11 15. 14.
17. 18. 19. 20.

1. .001 -1. 4. 1. .3 -1. 0.
2. 12. .45S 140. .000031 -1. IS. 16.
17, 1i. 19. 30.
OFFS"Y 0 0 *6
€oinucosm 1

Cumsj t*** WZ 8C11-1 SM0e

AXIS 0a 16 i1 41 09 14 17 04
RUDIUS 0.3
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SURFACE BOMAT
ENDOWJ
COMMENT *** DEFINE SC6-1 BOOK *
DOOM
AXIS 09 02 11 01 09 01 17 03
RADIUS 0.196
SURFACE BOMAT
ENDOWJ
CONDUCTOR 5
COMMENT *** DEFINE SC6-1 THERMAL PLASMA ANAYLZER SENSOR ***

BOOM
AXIS 09 05 17 04 09 04 17 04
RADIUS 0.14
SURFACE GOLD
ENDOWJ
CONDUCTOR 1
COMMENT *** DEFINE SC2-1 BOOM K
BOOM
AXIS 16 09 11 01 17 09 17 03
RADIUS 0.178
SURFACE BOMAT
ENDOWJ
CONDUCTOR 2
COMMENT *** DEFINE SC2-1 SENSOR AND STUB **
BOOK
AXIS 13 09 17 04 14 09 17 04
RADIUS 0.18
SURFACE BLACKC
ENDOBJ
CONDUCTOR 1
COMMENT *** DEFINE SC2-2 BOOM K
BOOM
AXIS 02 09 11 Cl 01 09 17 03
RADIUS 0.178
SURFACE BOKAT
ENDOBJ
CONDUCTOR 3
COOMENT *** DEFINE 5C2-2 SENSOR AND STUB **
BOOK
AXIS 05 09 17 04 04 09 17 04
RADIUS 0.18
SURFACE BLACKC

EMDOZJ
CONDUCTOR 1
COMENT *** DEFINE 3 INCS DIAHZTER OIMI-ANTEMNA MAST (BOTTOM) '

BOOM
AXIS 09 09 19 01 09 09 23 01

RADIUS 0.331
SURFACE BOMAT
lXlDO9J
COSUT *** DEFINE 3 INCR DIAMETE OMNI-AITEIA MRST (TOP) too

BOOK
AXIS 09 09 2S 01 09 09 26 01
RADIUS 0.331
SURFACE TEFLOW
EMDOUj
COMMT OPEN BOTTOM "AIC MATERIAL
COMT EXTERIOR A-FACE WEDRE
WEDGE

CORDER 12 12 4
PACE SOLAR 1 1 0
LENOT1 4 4 4
SURFACE -Z WlITEN
ENIDOWk



COMMENT INTERIOR A-FACE WEDGE

WEDGE
CORNER 13 13 4

FACE GOLD -1 -1 0

LENGTH 2 2 9

SURFACE -Z WHITEN

ENDOWJ
COMMENT B-FACE RECTANGLE

RZCTAN
CORNER 13 6 4 

w

DELTAS 3 6 9

SURFACE -X GOLD

SURFACE +X SOLAR

SURFACE -Z WHITEN

ENDOWJ
COMMENT EXTERIOR C-FACE WEDGE

WEDGE
CORNER 12 6 4

FACE SOLAR 1 -1 0

LENGTH 4 4 9

SURFACE -Z WHITEN

ENDOBJ
CONMENT INTERIOR C-FACE WEDGE

WEDGE
CORNER 13 5 4

FACE GOLD - 1 0

LENGTH 2 2 9

SURFACE -Z WHITEN

ENDOBJ
COMMENT D-FACE RECTANGLE

RECTAN
CORNER 6 2 4

DELTAS 6 3 9

SURFACE -Y SOLAR

SURFACE +1 GOLD

SURFACE -Z WHITEN

ENDOWJ
COMM4ENT EXTERIOR E-FACE WEDGE

WEDGE
CORNER 6 6 4

FACE SOLAR -1 -1 0

LENGTH 4 4 9

SURFACE -Z WHITEN

ENDOUJ
COIOmmT INTERIOR 3-FACE WEDGE

CORNER 5 5 4

FACE GOLD 1. 0

LENGTH 2 2 9

SURFACE -Z WHITEN

ENDODJ
CONNENT F-FACE RECTANGLE

RECTAx
CORPR 2 6 4

DELTAS 3 6 9

SRFACE -X SOLAR

SURFACE +X GOLD

SURFACE -Z NHITEN

IMDOBJ

COSU•ET EXTERIOR 0-FACE WEDGE

WEDGE
CORNER 6 12 4

FACS SOLAR -1 1 0

LERMTR 4 4 9



SURFACE -Z WHITEN
ENDOBJ
COMMENT INTERIOR G-FACE WEDGE

WEDGE
CORNER 5 13 4

FACE GOLD 1 -1

LENGTH 2 2 9

SURFACE -Z WHITEN
ENDOBJ
COMENT H-FACE RECTANGLE
RECTAN
CORNER 6 13 4
DELTAS 6 3 9

StRFACE -Y GOLD

SURFACE +Y SOLAR

SURFACE -Z WHITEN
ENDOBJ
COMMENT BELLY BAND BASIC MATERIAL

COIMENT EXTERIOR A-FACE WEDGE
WEDGE
CORNER 12 12 10
FACE YELOWC 1 1 0

LENGTH 4 4 3
ENDOBJ
COMMENT B-FACE RECTANGLE
RECTAN
CORNER 13 6 10

DELTAS 3 6 3

SURFACE +X YELOWC

ENDOBJ
COMMENT EXTERIOR C-FACE WEDGE

WEDGE
CORNER 12 6 10

FACE YELOWC 1 -1 0

LENGTH 4 4 3

ENDOBJ
COMMENT D-FACE RECTANGLE
RECTAN
CORNER 6 2 10

DELTAS 6 3 3

SURFACE -Y YELOWC

ENDOBJ
ComgENT EXTERIOR H-FACE WEDGE

WEDGE
CORNER 6 6 10

FACE YELOWC -1 -1 0

LENGTH 4 4 3

EUDO8J
Com T F-FACE RECTANGLE

RECTAN
CORE•R 2 6 10
DELTAS 3 6 3

SURFACE -X YELOMC
EUDODJ

CvOSMM EXTERIOR 0-FACE WEDGE

WEDGE
CORNER 6 12 10

FACE YELOWC -1 1 0

LZ3OTU 4 4 3

COIKEIT N-FACE RECTANGLE

RECTAN
CORNER 6 13 10

DELTAS 6 3 3

S' I X1)



SURFACE +Y YELOWC

ENDOBJ

COMMENT INTERIOR BOTTOM

RECTAN
CORNER 5 5 13

DELTAS 8 9 1

SURFACE -Z GOLD
ENDOBJ
COMMENT TOP BASIC MATERIAL
OCTAGON
AXIS 9 9 13 9 9 19

WIDTH 14
SIDE 6
SURFACE C SOLAR
SURFACE + PDGOLD
ENDOBJ
COMMENT OMNI ANTENNA BOX
RECTAN
CORNER 8 8 23
DELTAS 2 2 2
SURFACE -X TEFLON
SURFACE +X TEFLON
SURFACE -Y TEFLON
SURFACE +y TEFLON
SURFACE -Z ALUMINUM
SURFACE +Z ALUMINUM
ENDOBJ
COMMENT SC9-1 (TOP)
RECTAN
CORNER 5 14 19
DELTAS 2 1 2
SURFACE +Z YGOLDC
SURFACE +X BLACKC
SURFACE -Z BLACKC
SURFACE +Y BLACKC
SURFACE -T BLACKC
ENDOBJ
COMMENT 5C9-2 (TOP)
RECTAN
CORNER 5 15 19
DELTAS 1 1 1

SURFACE +X GOLD
SURFACE -X GOLD
SURFACE +y YELOWC
SURFACE +Z GOLD

SURFACE - Z GOLD

ENDOBJ
COMMENT SC9-3 (TOP)
RECTAN
CORNER 4 14 19
DELTAS I 1 1

SURFACE -x YELOWC
SURFACE +y GOLD
SURFACE -T GOLD
SURFACE ÷1 GOLD
SURFACE -Z GOLD

KNDOBJ
COmUNT SCS SCREEN (TOP)

PATCER
CORNER 7 2 18
DELTAS 4 3 1
SURFACE +2 SCREUE
1NDIOBJ
COMOMNT SCI-3A (TOP)



PATCHR
CORXER 12 5 18
DELTAS 1 1 1
SURFACE +Z GOLD
ENDOWJ
COMMENT SCI-3B (TOP)
PATCHR
CORE 12 6 18
DELTAS 1 1 1
SURFACE +Z KAPTON
EIWOBJ

COMMENT SCl-3C (TOP)
PATCHR
CORNER 13 6 18
DELTAS 1 1 1
SURFACE +z 8102
ENDODJ

COMEUT SCl-3D (TOP)
PATCUR
CORNER 13 5 18
DELTAS 1 1 1
SURFACE +Z TVFLON
ENDOWJ
CONDUCTOR 4
COMMEM SC6-2 SHIELD (TOP)
PATCRR
CORNER 13 10 18
DELTAS 1 1 1
SURFACE +Z GOLD
ENDOWJ
CONDUCTOR 1
CONIENT SC7-2 SHIELD (TOP)
PATCHR
CORNER 4 4 18
DELTAS 2 2 1
SURFACE +Z GOLD
ENDOWJ
COMMENT NL12-7 SHIELD (TOP,
PATCHR
CORNER 3 8 "
DELTAS 3 3
SURFACE +Z GOl,
ENDOWJ
COMMENT ML12-7 (TOP)
PATCER
CORNER 4 9 i.
DELTAS 1 1
SURFACE +Z INDOX
ENDOWJ
COMMENT SULLY BAND (A-PACE)
PATCHW
CORNER 12 12 10
FACE YGOLDC I 1 0
LENGTH 4 4 3
ENDOSJ
COMMENT ML12-6 (A-FACE)
PATCHW
CORNER 12 15 10
FACE INDOX 1 1 0
LENGTH 1 1 1
ENDOW.7
COWMIENY ML12-6 DOOR (A-FACE)
PATCEW
CORNIR 12 15 9
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FACE GOLD 1 1 0
LENGTH 1 1 1
ENDOWJ
COMIENT EL12-3 (A-FACE)
PATCHW
CORNER 13 14 10
FACE ML12 1 1 0
LENGTH 1 1 2
ENDOBJ
COMIENT UL-12 MASK (A-FACE)
PATCHW
CORNER 13 14 9
FACE BLACKC 1 1 0
LENGTH 1 1 1
ENDOBJ
COOMENT ML-12 MASK (A-FACE)
PATCKW
CORNER 12 14 13
FACE BLACKC 1 1 0
LENGTH 2 2 - 1
ENDOBJ
COMLT BELLY BAND (B-FACE)
PATCHR
CORWER 15 10 10
DELTAS 1 -2 3
SURFACE +X YGOLDC
ENDOWJ
COMMENT SCl MASK (B-FACE)
PATCHR
CORNER 15 6 10
DELTAS 1 4 3
SURFACE ÷X TEFLON
ENDOBJ
COMMENT SCI MASK (B-FACE)
PATCHR
CORNER 15 10 11
DELTAS 1 1 2
SURFACE ÷X TEFLON
ENDOBJ
COMMENT SCI-lA (B-FACE)
PATCHR
CORNER 15 7 13
DELTAS 1 1 1
SURFACE +X GOLD
ENDOWJ
COIMENT SCI-19 (B-FACE)
PATCHR
CORNER 15 7 14
DELTAS 1 1 1
SURFACE +X INDOX
ENDOWJ
COMEENT SCI-iC (B-FACE)
PATCHR
CORNER 15 8 14
DELTAS 1 1 1
SURFACE +X SOLAR
ENDOBJ
COOIENT SCd-ID (B-FACE)
PATCHR
CORNER 15 8 13
DELTAS 1 1 1
SURFACE +X KAPTON
hNDOBJ
COMEENT SHCI 30. 1 (B-FACE)
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WEDGE
CORNER 16 12 10
FACE ALUMINUM 1 -1 0
LENGTH 1 1 1
SURFACE +Z ALUMINUM
SURFACE -Z ALUMINUM
SURFACE +Y ALUMINUM
ENDOBJ
COEIuNT SC1-1 1ASK (C-FACE)
PATCHW

4 CORNER i5 6 11
FAC-' TEFLON 1 -1 0
LENGTH 1 1 2
ENDOBJ
CORmzwr SC7-1 N'.SK (D-FACE)
IIATCHR
CORNER 6 2 9
DELTAS 2 1 1
SURFACE -Y BLACKC
ENDOB0
COMMENT LC7-1 MASK (D-FACE)
PAT'-.Hk
CORNER 6 2 13
D'*LTAS 2 1 1
SURFACE -Y BLACKC
ENDOBJ
COMM ENT SC5 COVER (D-FACE)
RECTAN
CORNER 10 2 12
"DELTAS 1 1 1
SURFACE -Y BLACKC
ENDOBJ
COMMENT SHCI NO. 2 (D-FACE)
WEDGE
CORNER 10 2 10
FACE ALUMINUM 1 -1 0
LENGTH 1 1 1
SURFACE +Z ALUMINUM
SURFACE -Z ALUMINUM
SURFACE -X ALUMINUM
ENDOBJ
COU(FENTCOMMENT DSAS GLASS PATCH (K-FACE)
COMNENTWEDGE
CONXZETCORNER 4 5 11
CONENTFACE S102 -1 -1 0
COMmmUETLVNGTH 1 1 1
CONMZNTENDOBJ
COMMENT SC1-2 MASK (F-PACE)
PATCMR
CORNER 2 10 10
DELTAS 1 2 3
SURFACE -X TEFLON

XENDOBJ
COIUENT SCI-2 MASK (F-FACE)
PATCHR
CORNER 2 8 10
DELTAS 1 2 2
SURFACE -X TEFLON
ENDOWJ
CONNUMT SCl-2 (F-FACE)
PATCHR
CORNER 2 10 8
DELTAS 1 2 2
SURFACE -X KAPTON
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ENDOBJ
COMMENT SC9 MASK (G-FACE)
PATCHW
CORNER 6 13 17
FACE INDOX -1 1 0
LENGTH 3 3 2
ENDOWJ
COMMENT SC1-2 MASK (G-FACE)
PATCHW
CORNER 3 12 10
FACE TEFLON -1 1 0
LENGTH 1 1 3
ENDOBJ
COMMENT M1112-4 (B-FACE)
PATCHR
CORNER 10 15 10
DELTAS 1 1 2
SURFACE +Y 112
ENDOBW
COMMENT ML32 MASK (H-FACE)
PATCHR
CORNER 6 15 9
DELTAS 6 1 1
SURFACE +Y BLACKC
ENDOWJ
COIMENT ML12 MASK (H-FACE)
PATCHR
CORNER 6 15 13
DELTAS 6 1 1
SURFACE ÷Y BLACKC
ENDOBJ
COMIMENT SC9 MASK (H-FACE)
PATCHR
CORNER 6 15 17
DELTAS 2 1 2
SURFACE +Y INDOX
ENDOWJ
COMMENT SC8 (H-FACE)
PATCHR
CORNER 7 15 11
DELTILS 2 1 1
SURFACE +Y BLACKC
ENDOBJ
COMMUNT SC7-3 MASK (BOTTOM)
PATCHR
CORNER 13 4 4
DELTAS 1 2 1
SURFACE -Z GOLD
ENDOBJ
COIMMNT SC7-3 MASK (BOTTOM)
PATCHR
CORNER 14 5 4
DELTAS I 1 1
SURFACE -Z GOLD
ENDOBJ
COIMMT SC7-3 MASK (BOTTOM)
PATCNW
CORNER 14 5 4
FACE SOLAR 1 -1 0
LENGTH 1 1 1
SURFACE -Z GOLD
ENDOWJ
CONDUCTOR 6
COMMENT REFIERMCE BAUD (PACE A)
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PATCHW
CORNER 14 13 4
FACE GOLD 1 1 0
LENGTH 1 1 1
ENDOBJ
COHMENT REFERENCE BAND (FACE B)
PATCHR
CORNER 15 8 4
DELTAS 1 1 1
SURFACE +X GOLD
ENDOBJ
COMDENT REFERENCE BAND (FACE C)
PATCHW
CORNER 13 4 4
FACE GOLD 1 -1 0
LENGTH 1 1 1
ENDOBJ
COMMENT REFERENCE BAND (FACE D)
PATCHR
CORNER 8 2 4
DELTAS 1 1 1
SURFACE -Y GOLD
ENDOBJ
COMMENT REFERENCE BAND (FACE E)
PATCHW
CORNER 4 5 4
FACE GOLD -1 -1 0
LENGTH 1 1 1
ENDOWJ
COMMENT REFERENCE BAND (FACE F)
PATCHR
CORNER 2 9 4
DELTAS 1 1 1
SURFACE -X GOLD
ENDOWJ
COMIENT REFERENCE BAND (FACE G)
PATCHW
CORNER 5 14 4
FACE GOLD -1 1 0
LENGTH 1 1 1
ENDOBJ
COHINMT REFERENCE BAND (FACE H)
PATCHR
CORNER 9 15 4
DELTAS 1 1 1
SURFACE +Y GOLD
ENDOJ
ZNDSAT

NASCAP/GEO Contours is the program used to generate the potential contours plot
shown in Figure 29.

Termtalk Execution (fort.3) for Spinning Spacecraft In Geosynchronous Orbit-
SCATHA

A group of surface cells is defined for each of the materials. Separate groups are
defined for each conductor number, The surface cell number is printed out and a group is
not defined for those material conductor number combinations with only one surface cell.
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The final potentials for each of the groups is requested. A history of the potential over
time for one cell from each of the conductors is requested. The final internal electric field
for the cells with the highest field is requested. Detailed information on each of the seven
cells with the greatest field is requested. A history of the internal field for two of these
high field cells is requested. The results are shown in Figure 28.

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset GLDI
DEFINITION OF NEW SUBSET NAMED GLD1
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material GOLD

313 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE

>cnumb 1
303 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>done
GROUP GLDI WITH 303 MEMIBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN*

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset GLD4
DEFINITION OF NEW SUBSET NAMED GLD4
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material GOLD

313 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>cnumb 4
I REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
REMAINING MEMBER IS #1208
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset GLD5
DEFINITION OF NEW SUBSET NAMED GLD5
267 RFMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material GOLD

313 REMAINING IN GROUP
SUBSET TNSTRUCTION PLEASE ?

>.cnu2b 5
1 REMAINING IN GROUP

X'JBSET INSTRUCTION PLEASE ?
-done
RE14AINING MEMBER IS #1259
THIS SUBSET HAS I MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN,

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE . TYFE 'HELP'
'subset OLD6
)EFINITION OF NEW SUBSET NAMED GLD6
.:67 REMAINING IN GROUP

.tjrU,"1T IN.TRUCTION PLFA:ZE ?
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>material GOLD
313 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>cnumb 6
8 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP GLD6 WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset SOLAR
DEFINITION OF NEW SUBSET NAMED SOLA
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material SOLAR

435 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP SOLA WITH 435 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset WHITEN
DEFINITION OF NEW SUBSET NAMED WHIT
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material WHITEN

116 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>done
GROUP WHIT WITH 116 MEMBERS Il NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

,sub•set SCAMN
DEFINITION OF NEW SUBSET NAMED SCRE
267 R&MAINXNG IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material SCI•wN

12 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>done
GROUP SCRE WITH 12 MEMBERS IS NOW DEFINED
RETURNING TO MODULK 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset Y=LOWV
DEFINITION OF NEW SUBSET NAMED YELO
26" REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>Matrial YILOWC

71 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?>daml

GROUP YELO WITH 71 MEMBERS IS NOW DEFINED
RET•/;I13 TO MODULE liuaN'

CHOOSE ANY MODULER
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>ubeot PWL•O•
DEFINITION OF NEW SUBSET NAMED PLEX;,
267 R3MAINING IN GROUP

SUBSET INS4TRUCTION PLEASE ?
>mat~eria PDGWJ9
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138 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>done
GROUP PDGO WITH 139 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset BLKI
DEFINITION OF NEW SUBSET NAMED BLK1
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material BLACKC

34 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>cnumb 1
32 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP BLKI WITH 32 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP S ALWAYS AVAILABLE - TYPE 'HELP'

>subset BLK2
DEFINITION OF NEW SUBSET NAMED BLK2
2'7 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material BLACIC

34 REMAINING IN GROUP
SUBSET INSTRUCTION PLEPSE ?

>tcuub 3
1 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE 7
'-done
PEMALNING MEMBER IS #1260
T1HIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'

17PCI(ý.E ANY MODULE
HF'l7v rS ALWAYS AVAILABLE - TYPE 'HELP'

, JN OF NED, SUBSE•T NAMED BLK3
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
Sa•terial SLACKC

34 REMAINIVG IN GROUP
SUBSET INSTRUCTION PtF.ASE ?
>nnub 3

1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEA.EA; 7

:pdone.
PEKAINING MEMBER IS 01261
THI',. SUB.qI' HAS I MEMBERG
1T WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN*

CHOOSE ANY MODULE
HELP IS ALWAYS AVAIIABLE - TYPE 'HELP'

>subSet KAPM
DEFINITION OF NEW SUBSET NAMED KAPT
261 REMAINING IN GROUP

S1UBSET INSTRI"'ITrON PtFA",Ik ?
!-materiaal KhP

h REMAINING IN GPO'JP
:,;,tl*3ET 1N1th'rITION PLtA$E ?
.done



GROUP KAPT WITH 6 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN,

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset S102
DEFINITION OF NEW SUBSET NAMED SI02
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material S102

1 REMAINING IN GROUP
4 SUBSET INSTRUCTION PLEASE ?

>done
REMAINING MEMBER IS # 954
THIS SUBSET HAS I MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset TEFLON
DEFINITION OF NEW SUBSET NAMED TEFL
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>MatOrial TEFLON

47 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>d8on
GROUP TEFL WITH 47 MEMBErzS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HE6P-

>subset IvlOX
DEFINITION OF NEW SUBSET NAMED INWt
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>material XIDOX
13 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP INLO WITH 13 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 1HELP1

>mubaet YGOLDC
DEFINITION OP NEW SUBSET NAMED YGOL
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
3,mterLal TooLo(

14 REMAINING IN GROUP
SUBPIET INSTRUCTION PLEASE ?

GROUP YGOt, WITH 14 MEMBERS IS NOW DEFINED
RETURNING T10 HOUiLE 'KAIN'CHOOSE AN NODUhX

HELP IS ALWAYS AVAILABLE - TYPE "IhL.P"
gAsub, t AMIN

DEPINITION OP NOW StIBSET NAM9 ALUM
267 REMAINING IN GROUP
SUBSET IN.'TRUCTION PLEASE
mategial ALtIm

16 REMAINING tN GROIP
SUBSET INSTwRt.•rN PLEASE I

GROUP ALUM WI111 16 MEMBER5 I NV O DEFINED
REITURN=INU NOAJIo 'RMAIN.
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CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>subset DOUG?
DEFINITION OF NEW SUBSET NAMED BOMA
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>matertal BONAT

41 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>done
GROUP BOMA WITH 41 MEMBERS IS NOW DEFINED
RETURNING TO MODULE MANIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP,
>subset 10.12
DEFINITION OF NEW SUBSET NAMED ML12
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
.ýastrlel UL12

4 REMAINING IN GROUP
StJBSET INSTRUCTION PL.EA!;K ?
Gýong

GROUP ML12 WITH 4 MEMBERS1 IS NOW DEFINED)
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
;plstest

LATEST COMMCAND OR MODE SET ?
Avotutatal
MODE RESET

LATEST COMMAND OR MODE SET ?

MODE RESET
LATEST COOW4D OR NODE SET?7

P4fl. ZN VOLTS FOR NASCAP CYCLC 20 TIME a lR0e.0i SWC
114-1.S2e'04 1O)S-lA5fR'04 I021-1.52e*O4 997-1.52e.04 996=1.$2@'O4
29$-1.52e.04 914-1.52c*04 993-1,52..O4 992.1.52e.04 99l1-.%aed14
)90'1.S5e*04. 98i9-1,52@s04 9B6-1.52*.04 995-LS52c.04 984-j,%2bo*4
94i-1.52e'04 9&2-I%52Q'04 9SI-1,S2*.O4 9t0-1AS2..O4 979-1L52#004
9fl3-1S52#.O4 97vL¶Z52wti4 974-I.Sa.5w*4 57i-1.52e.O4 Sf1%2ea,204
r?11.52@*.04 97O-LýSl#*.4 96 9.1.$2e'O 9654S,5e.04 q467-1%32Q4
914dI.%2ti#4 j1.¼@ttýao*4 962c1,12te04 961 lA51in0t 960-IS2sc-O4
,It9-LS2e'O4 S-1e'N957-132#404 916-1.5200O4 9Si-I,$2#4*0
949-L5S2e.04 fl1Ie.4 O-152'O4 9O7-1,5..O4 9O6-1.i~e'O4
90F41.¶2ca04 904-1.32@4O4 903-132#404 9oa-1.52,.4 9O14%-2@.04
9OO-1.SZe.O4 499142*0.4 4964.k.S*e.4 494-1 62e.04 R92-1 ¶20*04
R90o.52#4,.4 04RB1,ti~pO4 44-1.52ct4 U-4t-1.Ue.U4 Wh-tj.I%2c;04

~44-.52sO4 B~J-1~cO4 R~-.5i.OG It-l'l.2c.O4 RRO-1$2e.04
471794i2,.O4 ft7ttl %crat?4 Sfl-It $2..04 R31'132ee04 S3OdI.5~*0~.4

R~FS~aO4~1~n.4 2?-1,52c.04 A26-1 $ 2ca*04 MZ$5-.nO
4~4V~eO4 fl-.Vcab CQ1.S#.O kS.1,5e.O4 S16-IA2@.44

414-I.S2e.04 fi-.a. 4RL-l.%Ze#O4 900432#4*.4 *O7-l.1itnO4
404A2COG SO15~1.$2r4 SO4-I.S2e,04 Aol)-I 32e.O4 fi0z-I.Qwo44

7i4.l.52o.04 7SA.ý$1t*4es M1521S2e.O4711teO IV.2c
749 1.52t'4 744 10-1. ufl-4 745-lt$2c.04 14)-l 12e304 141L-1. 2es04
719-A.i2e.O4 111-1 W,4404 715-I.%Sqsfl4 7)11.* '1.O 7JI F,%40;d
129lV.S2*04 %;415%fr64 72l'1.%2es04 '?2(j 1.5-n'4 72% .Iý2wnfl4
724 -.I , Vo4s0 1 7JI - %1 *Av A 722-1.A2e.O4 t1'ýI .W#.fl4 NT&73'2IAe04
t#71I.¶2v.O4 676"1.%2e'0a l-$c04 474.1,i~e*O4 671-.1V2obO
02,14 S%.I04 671 -1. 1Ae.Zi04 670-I.S2eaOC .4t1,-1a.02"4 66's-1 %2t.-04
4-63 1.oe0 0%4~-1).52#4 647-1.%2*aO4 64'*-IA52e.O4 *il 12s2c'04
441'L$ý2csO4 6394%4t6e'Q4 616-1.54000 4V1'I.5.S004 616 I.%62e0-4



635-1.52e÷04 634-1.52e÷04 63J-1.52"e÷04 632-1.52e+04 631-1.52e+04
590-1,52e+04 589-1.52e+04 588-1.52e÷04 587-1.52e#04 586-1.52@÷04
585-1.52e+04 584-1.52e+04 583-1.52e+04 582-1.52e+04 579-1.52e+04
577-1.52e+04 575-1.52e+04 567-1.52e+04 559-1.52e+04 557-1.52e+04
555-1.52e+04 553-1.52e+04 551-1.52e+04 550-1.52e+04 549-1.52e÷04
548-1.52e+04 54 7 -1.52e+04 546-1.52e+04 545-1.52e+04 544-1.52e+04
543-1.52e+04 503-1.52e+04 502-1.52e+04 501-1.52e+04 500-1.52e*04

499-1.52e+04 498-1.52e+04 497-1.52e+04 496-1.52e+04 495-1.52e+04
492-1.52e+04 490-1.52e+04 488-1.52e+04 486-1.52e+04 484-1.52e+04

482-1.52e+04 480-1.52e+04 478-1.52e+04 476-1.52e+04 475-1.52e+04
t 474-1.52e+04 473-1.52e+04 472-1.52e+04 471-1.52e÷04 470-1.52e+04

469-1.52e+04 46R-I.52e+04 419-1.52e+04 418-1.52e+04 417-1,52e÷04
416-1.52e+04 415-1.52e+04 414-1.52e+04 413-1.521-+04 412-1.52e+04
411-1.52e+04 410-1.52e+04 407-1 52e+04 405-1.52e+04 403-1.52e+04
401-1.52e+04 399-1.52e÷04 397-1.52e+04 395-1.52e+04 394-1.52ex04
393-1.52e+04 392-1.52e+04 391-1.52e+04 390-1.52e+04 389-1.52e+04
388-1.52e*04 387-1.52e+04 386-1.52e+04 363-1.52e+04 362-1,52e+04
360-1.52e+04 359-1.52e+04 331-1.52e+04 330-1.52e+04 329-1.52e+04
328-1.52e+04 327-1.52e+04 326-1.52e+04 325-1.52e+04 324-1.52e+04
323-1.52e+04 322-1.52e+04 320-1.52e+04 319-1.52e+04 318-1.52e÷04
317-1.52e+04 316-1.52e+04 315-1.52e+04 313-1.52e+04 311-1.52e*04
310-1.52e÷04 309-1.52e+04 308-1.52e+04 307-1.52e+04 ý06-1.52e+04
305-1.52e+04 304-1.52e+04 303-1.52e+04 302-1.52e+04 300-1.52e+04
298-1.52e+04 276-1.52e+04 275-1.52e+04 274-1.52e+04 273-1.52e04

251-1.52e+04 250-1.52e+04 249-1.52e+04 248-1.52e+04 247-1.52e+04
246-1.52e÷04 245-1.52e+04 244-1.52e+04 243-1.52e+04 242-1.52e+04
239-1.52e+04 238-1.52e+04 237-1.52e+04 236-1.52e+04 235-1.52e+04
234-1.52e+04 233-1.52e+04 232-1.52e+04 231-1.52e+04 229-1.52e+04
228-1.52e+04 227-1.52e+04 226-1.52e+04 225-1.52e+04 224-1.52e+04
223-1.52e+04 222-1.52e+04 221-1.52e+04 220-1.52e+04 217-1.52e+04

216-1.52e+04 215-1.52e+04 214-1.52e+04 213-1.52e+04 212-1.52e+04
211-1.52e+04 210-1.52e+04 209-1.52e+04 205-1.52e+04 203-1.52e+04

163-1.52e+04 161-1.52e+04 159-1.52e+04 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group GLDE
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
216-1.39e+04 1215-1.39e+04 1214-1.39e+04 1213-1.39e+04 1212-1.39e+04
211-1.39e+04 1210-1.39e+04 1209-1.39e+04 0 0.00e+00 0 0.00e÷00

LATEST COMMAND OR MODE SET ?
>group SOLAR
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC

365-1.56e+04 19-1.56e+04 103-1.56e+04 778-1.56e+04 1088-1.56e÷04
188-1.56e+04 344-1.56e+04 1172-1.56e+04 917-1.56e+04 2-1.56e÷04
839-1.56e+04 1071-1.56e+04 432-1.56e+04 120-1.56e+04 856-1.56e+04
279-1.56e+04 1103-1.56e+04 793-1.56e+04 1203-1.56e+04 294-1.56e+04

186-1.56e+04 1086-1.56e+04 380-1.56e+04 871-1.56e+04 854-1.56e+04
17-1.56e+04 34-1.56e+04 932-1.56e+04 118-1.56e+04 135-1.56e+04
86-1.56e+04 36-1.56e+04 186-1.56e+04 169-1.56e+04 703-1.56e÷04

105-1.56e+04 449-1.56e+04 1155-1.56e+04 508-1.56e+04 1022-1.56e+04
005-1.56e+04 761-1.56e+04 1037-1.56e+04 1069-1.56e+04 1020-1.56e+04

151-1.56e+04 51-1.56e+04 1170-1.56e+04 612-1,56e÷04 201-1.56e+04
464-1.56e+04 53-1.56e+04 1120-1.56e+04 595-1.56e+04 717-1.56e+04

138-1.56e+04 948-1.56e+04 1136-1.56e+04 627-1.56e+04 1153-1.56e+04
776-1.56e+04 101-1.56e+04 539-1.56e+04 68-1.56e÷04 84-1.56e+04
697-1.56e+04 610-1.56e+04 779-1.56e+04 1089-1.56e.04 104-1.56e+04

20-1.56e+04 366-1 56e+04 32-1.56e+04 1072-1.56e+04 121-1.56e+04
345-1.56e+04 280-1.56e+04 1173-1.56e+04 433-1.56e+04 1101-1.56e+04
840-1.56e+04 918-1.56e+04 1189-1.56e+04 1184-1.56e+04 R57-1,56e.04
791-1.56e+04 378-1.56e+04 3-I.56e+04 1201-1.56e404 852-1.56e+04
116-1.56e+04 292-1.56e÷04 930-1.56e+04 15-1.56e+04 1094-1,56*÷04
869-1.56e÷04 133-1.56e÷04 434-1.56e404 1073-1.56e*04 377-1,56e+04
14-1.56e÷04 281-1.56e÷04 R41-.',6e.04 790-1.56e+04 346-1,56o+04

183-1.56e+04 1100-1.56e+04 291-1,N6(%04 919-1,56e+04 M68-1,56e*04
367-1.56e+04 4-1.56e+04 31-1,S6#+04 1090-1,56e+04 1093-L,56**04
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21-1.56e+04 780-1.56e+04 122-1.56e+04 858-1.56e+04 105-1.56e+04
200-1.56e÷04 929-1.56e+04 1190-1.5-÷+04 b51-1.56e+04 115-1.56e+04
17 4-1.56e+04 132-1.56e+04 199-1.56e+04 30-1.56e+04 1082-1.56e+04

5-1.56e+04 1 49-1.56e+04 1018-1.56e+04 123-1.56e+04 1074-1.56e+04
067-1.56e÷04 290-1.56e+04 867-1.56e+04 22-1.56e+04 1168-1.56e÷04

376-1.56e+04 462-1.56e+04 1118-1.56e÷04 49-1.56e÷04 946-1.56e÷04
859-1.56e+04 13-1.56e+04 1035-1.56e+04 106-1.56e+04 715-1.56e+04

099-1.56e+04 356-1.56e+04 789-1.56e÷04 282-1.56e+04 762-1.56e+04
006-1.56e+04 87-1.56e+04 1156-1.56e÷04 137-1.56e+04 187-1.56e+04

450-1.56e+04 444-1.56e+04 509-1.56e+04 1023-1.56e÷04 170-1.56e+04
259-1.56e+04 934-1.56e÷04 1106-1.56e+04 704-1.56e÷04 37-1.56P+04

055-1.56e*04 347-1.56e÷04 920-1.56e÷04 368-1.56e+04 435-1.56e÷04
842-1.56e+04 99-1.56e+04 1182-1.56e+04 1091-1.56e+04 1199-1.56e+04
928-1.56e+04 781-1.56e÷04 774-1.56e+04 131-1.56e+04 1191-1.56e÷04
70-1.56e÷04 114-1.56e+04 54-1.56e+04 850-1.56e+04 525-1.56e+04

613-1.56e+04 1122-1.56e+04 1139-1.56e+04 443-1.56e+04 683-1.56e+04
1 7 5-1.56e+04 596-1.56e+04 1198-1.56e+04 82-1.56e+04 625-1.56e+04

12-1.56e+04 1181-1,56e+04 6-1.56e+04 436-1.56e+04 1098 1.56'i04
375-1.56e+04 369-1.56e+04 1092-1.56e+04 1081-1.56e+04 355-1.56e÷04
354-1.56e÷04 1075-1.56e+04 130-1.56e+04 1151-1.56e+04 2 3 -1.5 6 e+ 0 4

348-1.56e+04 289-1.56e+04 927-1.56e+04 921-1.56e+04 866-1.56e*04
66-1.56e+04 124-1.56e+04 1134-1.56e+04 860-1.56e+04 849-1.56e*04

843-1.56e+04 788-1.56e÷04 283-1.56e÷04 113-1.56e+04 537-1.56e+04
29-1.56e+04 442-1.56e+04 112-1.56e+04 28-1.56e+04 1024-1.56e+04
7-1.56e+04 11-1.56e+04 171-1.56e÷04 188-1.56e+04 138-1.56e+04

007-1.56e+04 1097-1.56e+04 260-1.56e-04 1080-1.56e÷04 1076-1.56e+04
129-1.56e+04 125-1.56e+04 353-1.56e+04 349-1.56e+04 608-1.56e+04
695-1.56e+04 935-1.56e+04 865-1.56e÷04 861-1.56e+04 787-1.56e+04
288-1.56e+04 782-1.56e+04 284-1.56e+04 48-1.56e+04 510-1.56e+04

117-1.56e+04 1017-1.56e+04 461-1.56e+04 763-1.56e+04 1167-1.56e404
714-1.56e+04 1107-1.56e÷04 1093-1.56e+04 1066-1.56e+04 705-1.56e÷04

24-1.56e+04 451-1.56e+04 1197-1.56e÷04 1157-1.56e+04 1192-1.56e+04
148-1.56e+04 98-1.56e+04 88-1.56e+04 945-1.56e+04 198-1.56e+04
773-1.56e+04 38-1.56e+04 1056-1.56e+04 1034-1.56e+04 1180-1.56e+04

057-1.56e+04 1033-1.56e+04 1176-1.56e+04 139-1.56e+04 597-1.56e+04
536-1.56e+04 172-1.56e+04 1025-1.56e+04 1016-1.56e+04 1150-1.56e+04
147-1.56e+04 270-1.56e+04 1008-1.56e+04 944-1.56e+04 684-1.56e+04
624-1.56e+04 1140-1.56e+04 1133-1.56e+04 189-1.56e+04 181-1.56e+04
936-1.56e+04 783-1.56e+04 81-1.56e+04 1123-1.56e÷04 526-1.56e+04
520-1.56e+04 71-1.56e+04 614-1.56e+04 1065-1.56e+04 65-1.56e+04
261-1.56e+04 197-1.56e+04 55-1.56e+04 146-1.56e+04 519-1.56e+04

026-1.56e+04 1015-1.56e+04 1009-1.56e÷04 943-1.56e+04 39-1.56e+04
159-1.56e+04 190-1.56e+04 937-1.56e+04 772-1,56e+04 511-1.',6#e+04
iiO-1.56e+04 764-1.56e+04 607-1.56e+04 179-1.56e+04 89-1.53*-04
452-1.56e+04 269-1.56e+04 706-1.56e+04 268-1.56e+04 140-1.56e÷04

1C8-1.56e+04 1064-1.56e+04 173-1.56e+04 262-1.56e+04 196-1.56e+04
032-1.56e+04 460-1.56e+04 1058-1.56e+04 1166-1.56e+04 97-1.56e+04
116-1.56e+04 713-1.56e+04 694-1.56e+04 47-1.56e+04 939-1.56e+04
191-1.56e+04 141-1.56e+04 1031-1.56e+04 195-1.56e+04 942-1.56e*04

193-1.56e+04 56-1.56e+04 1165-1.56e+04 267-1.56e+04 712-1.96e÷04
263-1.56e+04 1149-1.56e+04 178-1.56e+04 535-1.56e+04 693-1.56e+04
174-1.56e+04 145-1.56e+04 1132-1.56e+04 96-1.56e÷04 623-1.56e+04
46-1.56e÷04 80-1.56e+04 72-1.56e+04 64-1.56e+04 1063-1.56e+04

459-1.56e+04 1027-1.56e÷04 518-1.56e+04 512-1.56e+04 453-1.56e÷04
615-1.56e+04 1148-1.56e+04 606-1.56e+04 95-1.56e+04 79-1.,56e.04

141-1.56e+04 1131-1.56e+04 598-1.56e+04 534-1,56e+04 1124-1.56e*04
63-1.56e+04 1109-1.56e+04 1059-1.56e+04 771-1.56e÷04 765-1.56e+04

711-1.56e+04 40-1.56e+04 45-1.56e+04 692-1.56e÷04 527-1.56e+04
685-1.56e+04 622-1.56e÷04 605-1.56e+04 1164-1.56e+04 707-1,56ei04

159-1.56e÷04 57-1.56e+04 73-1.56e+04 1177-1.56e+04 41-1.56e*04
696-1.56e÷04 599-1.56e÷04 1142-1.56e÷04 52R-1,56e+04 1125-1,56e.04

110-1.56e+04 78-1.56e+04 1147-1.56e÷04 616-1,56e+04 531-1.56e.04
62-1.56e÷04 621-1.56e+04 74-1.56e+04 58-1.564e04 112h-1,56k.404

160-1,56e+04 1143-1.56f-÷04 708-1.56e+04 529-1,56e.04 617-l1,%6*%04
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LATEST COMMAND OR MODE SET ?
>group WUITUN
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
187-1.54e+04 343-1.54e+04 916-1.54e+04 119-1.54e+04 1-1.54e+04
278-1.54e+04 855-1.54e+04 1171-1.54e+04 1154-1.54e+04 431-1.54e+04
168-1.54e+04 838-1.54e+04 702-1.54e+04 166-1.54e+04 18-1.54e+04
507-1.54e+04 35-1.54e+04 914-1.54e+04 102-1.54e+04 777-1.54e+04
185-1.54e+04 364-1.54e+04 1004-1.54e+04 295-1.54e+04 164-1.54e+04

000-1.54e+04 254-1.54e+04 204-1.54e+04 381-1.54e+04 836-1.54e+04
297-1.54e+04 1050--1.54e+04 335-1.54e+04 423-1.54e+04 912-1.54e+04
154-1.54e+04 794-1.54e+04 1137-1.54e+04 448-1.54e+04 1104-1.54e+04
85-1.54e+04 52-1.54e+04 611-1.54e+04 760-1.54e+04 594-1.54e+04

592-1.54e+04 156-1.54e+04 718-1.54e+04 158-1.54e+04 465-1.54e+04
048-1.54e+04 1046-1.54e+04 162-1.54e+04 505-1.54e+04 628-1.54e+04
758-1.54e+04 256-1.54e+04 337-1.54e+04 202-1.54e+04 152-1.54e+04

052-1.54e+04 540-1.54e+04 1044-1.54e+04 1002-1.54e+04 680-1.54e+04
042-1.54e+04 160-1.54e+04 1087-1.54e+04 383-1.54e+04 934-1.54e÷04
206-1.54e+04 421-1.54e+04 998-1.54e+04 252-1.54e+04 796-1.54e+04
333-1.54e+04 910-1.54e+04 299-1.54e+04 872-1.54e+04 1121-1.54e+04
524-1.54e+04 69-1.54e+04 682-1.54e+04 1040-1.54e+04 720-1.54e+04
494--1.54e+04 988-1.54e+04 467-1.54e+04 874-1.54e+04 208-1.54e+04
241-1.54e+04 747-1.54e+04 581-1.54e+04 542-1.54e+04 977-1.54e+04
966-1.54e+04 219-1.54e+04 230-1.54e+04 669-1.54e+04 630-1.54e+04
955-1.54e+04 953-I.54e+04 876-1.54e+04 258-1.54e+04 1054-1.54e+04
136-1.54e+04 409-1.54e+04 385-I,.54e+04 898-1.54e+04 321-1.54e+04
822-1.54e+04 301-I.54e+04 798-1.54e+04 1070-1.54e+04 878-1.54e+04
933-1.54e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group SCRUZN
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
730-1.52e+04 719-1.52e+04 716-1.52e+04 640-1.52e+04 629-1.52e+04
626-1,52e+04 552-1.52e+04 541-1.52e+04 538-1.52e+04 477-1.52e+04
466-1.52e+04 463-1.52eý04 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group Y"LOWC
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
077-1.52e+04 1030-1.52e+04 1029-1.52eq04 1028-1.52e+04 941-1.52e+04
940-1.52eý04 939-1.52e+04 864-1.52e+04 863-1.52e+04 862-1.52e+04
847-1,52e+04 946-1.52e+04 845-1.52e+04 786-1.52e+04 785-1.52e+04
784-1,52e+04 769-1,52e+04 709-1.52e+04 690-1.52e+04 689-1.52e+04

- 688-i.52e'04 620-I.52e+04 619-I.52e+04 618-1.5'e+04 603-1.524,+04
601-1.52e+04 532-1.52e+04 531-1.52e+04 530-1.52e+04 516-1.52tt+04

.514-1.52e÷04 457-1.52e+04 456-1.52e+04 455-1.52e+04 440-1.52e+04
439-1,52e+04 438-1.52e+04 373-1.52e404 372-1.52e+04 371-1.52e+04
".361-1 52e+04 352-1.52e+04 351-1.52e+04 350-1.52e+04 287-1.52e+04
286-1.52e+04 2R5-1.52e+04 277-1,52e+04 266-1.52e+04 265-1.52e+04

" .- 64-1.52e+04 194-1.52e+04 193-1.52e+04 192-1.52e+04 177-1.52e+04
]76-1.52et04 175-1.52e+04 144-1.52e+04 143-1.52e+04 142-1.52e+04
7.-1.52P+04 61-1.52e÷04 44-1.52e+04 43-1.52e+04 42-1.52e+04

-27-1.52e+04 26-1.52e+04 25-1.52e+04 10-1.52e+04 9-1.52e+04
8,-1.52e+04 00.OOn+00 0 0.00e+00 0 0.OOe+00 0 0.OOe+00

LATEST COMMAND OR MODE SEH ?
->goui• mOLD
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
202-1,52e+04 1185-1.52e+04 1169-1.52e+04 1152-1.52e+04 1135-1,52e+04
119-1.52e+04 1102-1.52e+04 1085-1.52e+04 1068-1.52e+04 1053-1,52e+04
051-1.52e+04 1049-1.52e+04 1047-1,52e+04 1045-1,52e+04 1043-1.52e+04
"041-1.52e+04 1039-1.52e+04 1036-1.52e+04 101,1,52e+04 1003-1.52e+04
001-1,52v+04 999-1.52e+04 987-1.52e+04 976-1.52e+04 965-1.52e+04

. 950-1.52e+04 947-1.52e+04 931-1.52e+04 915-1.52e+04 913-1.52e+04
9 . 11-1.52e÷04 909-1.52e÷04 897-1.52e+04 895-1.52e+04 893-1.52e+04
891-1.52e÷04 875-I.52e÷04 873-1.52(+04 870-1.5'e*04 853-1.52e+04
817-1.52e+04 Hl,-1.52e+04 833-1.52e+04 821-1.52e+04 819-1.52e+04
817-1.52e÷04 815-1.52e+04 R13-1.52e+04 811-1.52e÷04 809-1.52e+04
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797-1.52e+04 795-1.52e+04 792-1.52e+04 775-1.52e+04 759-1.52e+04
757-1.52e+04 746-1.52e+04 744-1.52e+04 742-1.52ei-04 740-1.52L+04
738-1.52e+04 736-1.52e+04 734-1.52e÷04 732-1.52e÷04 696-1.52e+04
681-1.52e+04 679-1.52e+04 668-1.52e+04 666-1.52e+04 664-1.52e+04
656-1.52e+04 648-1.52e+04 646-1.52e÷04 644-1.52e+04 642-1.52e+04
609-1.52e+04 593-1.52e+04 591-1.52e+04 580-1.52e+04 578-1.52e+04
57 6-1.52e+04 568-1.52e+04 560-1.52e+04 558-1.52e+04 556-1.52e404
554-1.52e+04 522-1.52e+04 506-1.52e+04 504-1.52e+04 493-1.52e+04
491-1.52e+04 489-1.52e+04 487-1.52e+04 485-1.52e+04 483-1.52e+04
481-1.52e+04 479-1.52e+04 446-1.52e+04 422-1.52e+04 420-1.52e+04
408-1.52e+04 406-1.52e+04 404-1.52e+04 402-1.52e+04 400-1.52e+04
398-1.52e+04 396-1.5?e+04 384-1.52e+04 382-1.52e+04 379-1.52e+04
336-1.52e+04 334-1.52e*04 332-1.52e+04 314-1.52e÷04 312-1.52e+04
296-1.52e+04 293-1.52e+04 257-1.52e+04 255-1.52e+04 253-1.52e+04
218-1.52e+04 207-1.52e+04 200-1.52e+04 183-1.52e+04 167-1.52e+04
165-1.52e+04 157-1.52e+04 155-1.52e+04 153-1.52e+04 150-1.52e+04
134-1.52e+04 117-1.52e+04 100-1.52e+04  83-1.52e+04 67-1.52e+04
50-1.52e+04 33-1.52e+04 16-1.52e+04 0 0.00e+00 0 0.00e+00

LATEST COMMAND OR MODE SET ?
>group BLKI
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME . 1.20e+03 SEC
014-1.52e+04 1010-1.52e+04 926-1.52e+04 848-1.52e+04 844-1.52e+04
770-1.52e+04 766-1.52e+04 710-1.52e+04 691-1.52e+04 687-1.52e+04
604-1.52e+04 602-1.52e+04 600-1.52e+04 517-1.52e+04 515-1.52e+04
513-1.52e+04 458-1.52e+04 454-1.52e+04 441-1.52e+04 437-1.52e+04
430-1.52e+04 429-1.52e+O. 'q-1.52e+04 426-1.52e+04 425-1.52e+04
424-1.52e+04 374-1.52e+Cz 3t.-1.52e+04 342-1.52e+04 341-1.52e+04
340-1.52e+04 338-1.52e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group KhP"ON
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e÷03 SEC

107-1.64e+04 90-1.64e+04 108-1.64e+04 91-1.64e+04 1130-1.64e+04
889-1.64e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group TEFLU
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
145-1.58e+04 1144-1.58e+04 76-1.58e+04 1128-1.58e+04 60-1.58e+04
127-1.58e+04 75-1.57e+04 5)-1.57e+04 653-1.57e+04 654-' 57e+04
565-1.57e+04 662-1.57e+04 566-1,57e+04 661-1.57e+04 574-1.57e+04
573-1.57e+04 1225-1.57e+04 650-1.57e+04 651-1.57e+04 563-1.57e+04
659-1.57e+04 562-1.57e+04 658-1.57e+04 570-1.57e+04 571-1.57e+04
109-1.57e+04 92-1.57e+04 110-1.57e+04 111-1.57e+04 1096-1.57e+04

129-1.57e+04 1095-1.57e+04 93-1.57e+04 1112-1.57e+04 1079-1.57e+04
111-1.57e+04 128-1.57e+04 127-1.57e+04 126-1.57e+04 1146-1.57e+04
094-1.57e+04 1078-1.57e+04 1113-1.57e+04 94-1.57e+04 1163-1.57e+04
162-1,57e+04 952-1.57e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00

LATEST COMMAND OR MODE SET ?
>group INDOX
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
115-1.52e+04 923-1.52e+04 523-1.52e+04 521-1.52e+04 447-1.52e+04
445-1,52e+04 358-1.52e+04 357-1.72e+04 272-1.52e+04 271-1.52e+04
240-1.52e+04 184-1.52e+04 182-1 •qe+04 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group YGOLDC
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
196-1.52e+04 1195-1.52e+04 1194-1.52e+04 1179-1.52e+04 1178-1.52e+04
161-1.52e+04 1062-1.52e+04 1061-1,52e+04 1060-1,52e+04 1013-1.52e+04
925-1.52e+04 924-1.52e+04 427-1.52e+04 339-1.52e+04 0 0.00e+00
LATEST COMMAND OR MODE SET ?
>group ALUNIN
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
20 7--. 52e+04 1206-1.52e+04 1205-1.52e+04 1204-1,52e+04 701-1.52e+04
700-1.52e+04 699-1.52e+04 698-1.52e+04 660-1,52e+04 657 1.52e+04
65:! 1,52t-+04 649-1,52e+04 572]3,52e.04 5i69-1.52e+04 564-1,52e+04
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561-1.52e+04 0 0.OOe+00 0 0.OOe+O0 0-0.OOe+00 0 0.OOe+00
LATEST COMMAND OR MODE SET ?

>group BOUAT
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
221-1.51e+04 1224-1.51e+04 1218-1.50e:04 1217-1.50e+04 1222-1.49e+04
223-1.49e+04 1219-1.36e+04 1220-1.36e+04 1227-1.32e+04 1226-1.31e+04
228-1.27e+04 1229-1.26e+04 1255-'.17e+04 1254-1.17e+04 1236-1.17e+04
241-1.17e+04 1249-1.16e+04 1235-1.15e+04 1230-1.14e+04 1237-1.05e+04
240-1.05e+04 1234-1.G3e+04 1231-1.02e+04 1238-9.52e+03 1239-9.52e+03
233-9.23e+03 1232-9.06e+03 1245-8.42e*03 1244-8.42e+03 1256-8.21e+03
253-8.21e+03 1243-7.99e+03 1250-7.H2e+03 1257-7.75e+03 1252-7.74e+03
242-7.72e+03 1251-7.04e+03 1246-6.55e+03 1247-5.78e+03 1248-5.14e+03
258-4.37e+03 0 0.00e+00 0 0.00e+00 0 0.00e+00 0 0.00e+00

LATEST COMMAND OR MODE SET ?
>group ML12
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
012-1.52e+04 i011-1.52e+04 768-1.52ei04 767-1.52e+04 0 0.00e+00

LATEST COMMAND OR MODE SET ?
>Single
SINGLE COMMAND OR MODE SET ?

>1208

SURFACE CELL NO. 1208
CENTERED AT 4.5 1.5 8.0
MATERIAL IS GOLD

POTENTIAL =-1.430e+04 VOLTS
SINGLE COMMAND OR MODE SET ?

>-1259

SURFACE CELL NO. 1259
CENTERED AT 0.0 -44.0 0.0
MATERIAL IS GOLD

POTENTIAL =-4.664e+03 VOLTS
SINGLE COMMAND OR MODE SET ?

>1260

SURFACE CELL NO. 1260
CENTERED AT 36.0 0.0 0.0
MATERIAL IS BLAC

POTENTIAL =-2.286e+04 VOLTS
SINGLE COMMAND OR MODE SET ?

>1261

SURFACE CELL NO. 1261
CENTERED AT -44.0 0.0 0.0
MATERIAL IS BLAC

POTENTIAL =-2.2A6e+04 VOLTS
SINGLE CO4AND OR MODE SET ?

>954

SURFACE CELL NO. 954
CENTERED AT 4.5 -2.5 8.0
MATERIAL IS S102

POTENTIAL =-1.518e+04 VOLTS
SINGLE COMMAND OR MODE SET ?

>history
HISTORY COMMAND OR MODE SET ?

>159,1260,1261,1208,1259,1209
POTL IN VOLTS

TIME 159 1260 1261 1208 1259 3209

#1 #2 #3 #4 #5 #6 #7
6,0e+01:-1.74e+04-2.17e+04-2.17e•04.1.72e+04-1.72e+04-1.72e+04
1.2e+02:-1.66e+04-2.19e+04-2.19e+04-1.62e+04-1.62e+04-1.62e+04
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1.8e+02:-1.58e+04-2.20e+04-2.20e+04-1.54e+04-1.52e+04-1.52e+04
2.4e+02:-1.55e+O4-2.23e+04-2.23e+04-1.47e+04-1.42e+04-1.42e+04
3.0e+02:-1.53e+04-2.25e+04-2.25e+04-1.46e+04-1.32e+04-1.42e+04
3.6e+02:-1.52e+04-2.26e+04-2.26e+04-1.44e+04-1.22e+04-1.38e+04
4.2e+02:-1.52e+04-2.28e+04.-2.28e+04-1.43e+04-1.12e+04-1.39e+04
4.Se+02:-1.52e+04-2.28e+04-2.28e+O4-1.43e+04-1.02e+04-1.38e+04
5.4e+02:-1.52e+04-2.28e+04-2.28e+04-1.43e+04-9.20e+03-1.38e+04
6.0e+02:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-8.20e+03-1.38e+04
6.6e-0:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-7 .20e+03-1.38e+04

7.2e+02:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-6 .20e+03-1.38e+04

7. %+02:-1.52e+04-2.29e+04-2 .29e+04-1.43e+04-5.20e+03-1.38e+04
8.4e+02:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-4.80e+03-1.38e+04
9.0e+02:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-4.70e+03-1.39e+04
9.6e+02:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-4.67e+03-1.39e+04
1.Oe*03:-1.52e+04-2.29e÷04-2.29e+04-1.43e+04-4.67e+03-1.39e+04
1 le+O0:-1-52e÷04-2.o29e+04-2.29e+04-1.43e÷O4-4.67e+03-..39e+04
1.le+03:-1.52e+04-2.29e+04-2.29e+O4-1.43e+04-4.67e+03-1.39e+04
1.2e+03:-1.52e+04-2.29e+04-2 .29e+04-1.43e+04-4.66e+03-1.39e+04

POTL VERSUS LOG(TIME)
.• -• .. .. .... . ...... .... .. .... . ..... . ..... ..... ...... ..... ..... .............. ...... .... ...... ..... ...... .. ..............

* . .55555

.................... ................................................... 555 .......................................

5

- .+ 4 . . . . .... . .... . . ... . . . ... . . . ... . . .... . . ... . . . ... . . . .. . . . . .. . . . . .5 .. . . . . . . .. . . ... . . . .. . . . . .. . . . ... . . .. . . . . . .. . . ... .

•6 6 6 6 66 666666666
6 .. 4 4 4 4 44 444441444

- .÷ 4+.................... .... .... ................ 6 . 4 ...... .. I I I L . 11 .1111 1111 ...................................

41 1

-.: .J -0 4 • . . . . ... . . . ... . . . . . . . . . . . . . . . . . . . ....... . . . . .. . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . .. . . . . . . . . . . .... . . . . .. .

. ........................................................................................... .....

..................... 6.4.. .1..I.1........ .......................... ........

[ O.'*O ".', 0', )0..e00 kA 0.,+00"•O,0•.• 0 4.00.)O00

HISTORY COMMAND OR MODE SET ?
>latest

LATEST COMMAND OR MODE SET ?
>shress
MODE RESET

LATEST COMMAND OR MODE SET ?
>absmagntitude
MODE RESET

LATEST COMMAND OR MODE SET ?
:,list I to 200

FROM 1 To 200 ON LIST OF DECREAStM(., ABSOLUTE VALUE
STRE IN VOLTS/METER FOR NA!WCAP CYCLE 20 ., TIME v 1,20e401 RsC'

10'7-9,31e÷06 90-9,31e*06 108-9.31e+06 9j,931e+06 1130 9.31e+06

981-9.31e+06 i1J45-4,87P+06 1144-4.836÷06 '76-4.59e+06 1129-4,59e+06
60-4,57e+06 1127-4,52e÷06 75-4.48e4-06 59-4.47e÷06 278.-4.01e÷06

*L. . .. , 1206

,5 Q4...............................................................................



119-4.01e+06 343-4.01e+06 1187-4.01e+06 855- 4 .Ole+0 6 916-4.01e+06
1-4.01e+06 702-4.01e+06 35-4.0]e+06 364-4.01e+06 838-4.01e+06

004-4.01e+06 777-4.01e+06 168-4.01e+06 18-4.01e406 507-4.01e+06
914-4.01e+06 1171-4.01e+06 1154-4.01e+06 166-4.01e+06 102-4.01e+06
295-4.01e+06 431-4.01e+06 185-4.01e+06 164-4.01e+06 1050-4.01e+06

000-4.Ole+06 836-4.Ole+06 297-4.01e+06 254-4.01e+06 381-4.01e+06
423-4.Ole+06 154-4.01e+06 794-4.01e+06 335-4.01e+06 912-4.01e+06
204-4.01e+06 448-4.01e+06 760-4.01e+06 85-4.01e+06 52-4.01e+06
611-4.01e+06 1137-4.01e+06 594-4.01e+06 1104-4.01e+06 505-4.01e+06

046-4.01e+06 158-4.01e+06 628-4.01e+06 162-4.01e+06 156-4.01e+06
718-4.01e+06 758-4.01e+06 465-4.01e÷06 592-4.01e+06 1048-4.01e+06

052-4.01e÷06 202-4.01e+06 256-4.01e+06 152-4.01e+06 337-4.01e+06
002-4.01e÷06 540-4.01e+06 1044-4.01e+06 1042-4.01e+06 160-4.01e+06

680-4.01e+06 1087-4.01e+06 421-4.01e+06 206-4.01e+06 834-4.01e+06
383-4.01e+06 252-4.01e+06 998-4.01e+06 333-4.01e+06 910-4.01e+06
796-4.01e+06 299-4.01e+06 872-4.01e+06 69-3.98e+06 1121-3.98e+06
524-3.98e+06 682-3.98e+06 1040-3.98e+06 988-3.98e+06 208-3.98e+06
720-3.98e+06 467-3.98e+06 874-3.98e+06 494-3.98e+06 241-3.98e+06
747-3.98e+06 542-3.98e+06 630-3.98e÷06 977-3.98e+06 581-3.98e+06
669-3.98e+06 219-3.98e+06 966-3.98e+06 230-3.98e+06 955-3.98e÷06
953-3.98e+06 876-3.98e+06 1054-3.94e+06 258-3.94e+06 136-3.94e+06
898-3.94e+06 409-3.94e+06 321-3.94e+06 822-3.94e+06 301-3.94e+06
385-3.94e+06 798-3.94e+06 1070-3.94e+06 878-3.94e+06 933-3.87e+06
653-3.73e+06 654-3.73e+06 565-3.73e+06 662-3.73e+06 566-3.73e+06
661-3.73e+06 574-3.73e+06 573-3.73e+06 1225-3.73e+06 651-3.73e+06
650-3.73e+06 659-3.73e+06 562-3.73e+06 563-3.73e+06 658-3.73e+06
571-3.73e+06 570-3.73e+06 109-3.73e+06 92-3.73e+06 1129-3.73e+06

096-3.73e+06 1095-3.73e+06 110-3.73e+06 111-3.73e+06 1079-3.73e+06
93-3.73e+06 1112-3.73e+06 126-3.73e+06 128-3.73e+06 127-3.73e+06

111-3.73e+06 1146-3.73e+06 1094-3.73e+06 1078-3,73e+06 94-3.73e+06
113-3.73e+06 1163-3.73e+06 1162-3.73e+06 952-3.73e+06 365-2.21e+06

19-2.21e+06 1088-2.21e+06 778-2.21e+06 103-2.21e406 1071-2.21e+06
188-2.21e+06 432-2.21e+06 279-2.21e+06 120-2.21e+06 839-2.21e+06
172-2.21e+06 344-2.21e+06 917-2.21e+06 2-2.21e+06 856-2.21e+06
793-2.21e+06 1103-2.21e+06 932-2.21e+06 854-2.21e+06 871-2.21e+06

203-2.21e+06 1086-2.21e+06 294-2.21e+06 34-2.21e+06 380-2.21e+06
17-2.21e+06 1186-2.21e+06 118-2.21e+06 135-2.21e+06 1005-2.21e+06

LATEST COMMAND OR MODE SET ?
>Single

SINGLE COMMAND OR MODE SET ?
>everything
MODE RESET

SINGLE COMMAND OR MODE SET ?
>107

SURFACE CELL NO. 107
CODE 420146010
CENTERED AT -7.0 2.5 -2,5
MATERIAL IS KAPT
NORMAL -1 0 0
SHAPE IS SQUARE

POTENTIAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.749e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL -- 1.518e+04 VOLTS
LIMITING FACTOR - 1,000e+00

FLUXES IN A/M**2
INCIDENT ELECTRONS 8,46e-07

RESULTING SECONDARIES 1.88e-07
RESULTING BACKSCATTER 2.05e-07

INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07
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BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LJNG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>90

SURFACE CELL NO. 90
CODE 417536010
CENTERED AT -7.0 1.5 -2.5
MATERIAL IS KAPT
NORMAL -1 0 0
SHAPE IS SQUARE

POTENTIAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.617e+04 VOLTS/METER

DELTA V =-1.182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1.518e+04 VOLTS
LIMITING FACTOR = 1.000e+00

FLUXES IN A/M**2
INCIDENT ELECTRONS 8.46e-07

RESULTING SECONDARIES 1.88e-07
RESULTING BACKSCATTER 2.05e-07

INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07

BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>108

SURFACE CELL NO. 108
CODE 420156010
CENTERED AT -7.0 2.5 -1.5
MATERIAL IS KAPT
NORMAL -1 0 0
SHAPE IS SQUARE

POTENTIAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.735e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1.518e+04 VOLTS
LIMITING FACTOR = 1.000e+00

FLUXES IN A/M**2
INCIDENT ELECTRONS 8.46e-07

RESULTING SECONDARIES 1.88e-07
RESULTING BACKSCATTER 2.05e-07

INCIDENT PROTONS 3,94e-08
RESULTING SECONDARIES 1.86e-07

BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -2,23e-07
SINGLE COMMAND OR MODE SET ?

>91

SURFACE CELL NO. 91
CODE 417546010
CENTERED AT -7.0 1.5 -1.5
MATERIAL IS KAPT
NORMAL -1 0 0
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SHAPE IS SQUARE
POTENTIAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.643e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1.518e+04 VOLTS
LIMITING FACTOR = 1.000e+00

FLUXES IN A/M**2
INCIDENT ELECTRONS 8.46e-07

RESULTING SECONDARIES 1.88e-07
RESULTING BACKSCATTER 2.05e-07

INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07

BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -2.23e-07

SINGLE COMMAND OR MODE SET ?
>1130

SURFACE CELL NO. 1130
CODE 633372010
CENTERED AT 7.0 -.5 2.5
MATERIAL IS KAPT
NORMAL 1 0 0
SHAPE IS SQUARE

POTENTIAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.306e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.631e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1

UNDERLYING CONDUCTOR POTENTIAL =-1,518e+04 VOLTS
LIMITING FACTOR = 1.000e+00

FLUXES IN A/M**2
INCIDENT ELECTRONS 8.46e-07

RESULTING SECONDARIES 1.88e-07
RESULTING BACKSCATTER 2,05e-07

INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07

BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>889

SURFACE CELL NO. 889
CODE 572030110
CENTERED AT 3.5 -2.5 8.0
MATERIAL IS KAPT
NORMAL 0 0 1

"O SHAPE IS SQUARE

POTENTIAL =-1.636e÷04 VOLTS
INTERNAL FIELD STRESS a-9.305e÷06 VOLTS/METER
EXTERNAL ELECTRIC FIELD c-1.62Re.04 VOLTS/METER
DELTA V -1.182eQ03 VOLTS
UNDERLYING CONDII('WTR IS NUMBER I
UNDERLYING CONDUJ(`TOR POTENTIAL '-1.51$e*04 VOLTS
LIMITING FAC'TOR - 1.000e+00

FLUXES IN A/M'42
INCIDENT ELECTRONS 8.46e-07

RESULTING SECONDARIES 1,88e-07
RESULTING BACKSCATTER 2.05e-07
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INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07

BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>1145

SURFACE CELL NO. 1145
CODE 633762012
CENTERED AT 7.0 .5 .5
MATERIAL IS TEFL
NORMAL 1 0 0
SHAPE IS SQUARE

POTENTIAL =-1.580e+04 VOLTS
INTERNAL FIELD STRESS =-4.869e+06 VOLTS/METER
EXTEr.NAL ELECTRIC FIELD =-1.599e+04 VOLTS/METER
DELTA V =-6.184e+02 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1.518e+04 VOLTS
LIMITING FACTOR = 1.000e+00

FLUXES IN A/M**2
INCIDENT ELECTRONS 8.94e-07

RESULTING SECONDARIES 3,63e-07
RESULTING BACKSCATTER 2.48e-07

INCIDENT PROTONS 3,90e-08
RESULTING SECONDARIES 1.83e-07

BULK CONDUCTIVITY -4.87e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -5.06e-08
SINGLE COMMAND OR MODE SET ?

>history
HISTORY COMMAND OR MODE SET ?
>Streon
MOPE RESET

FISTORY COMMAND OR MODE SET ?
>107,1145
,TRE IN VOLTS/METER

TIME 107 1145

#1 #2 #3 #4 #5 #6 #7
6.0e.Ol :-.69e+05-1.48e+06
1.2e+O2:-8.07e+O5-1.56e+06
1,8e+02:-1.31e÷06-1.71e+06
2.4e+02 -1.82e+06-1.89e*06
3,0e+02:-2.33e.06-2.08e.06
3.6e.02:-2.84e+06-2.2Re.06
4.2e+02:-3.34e.06-2.49e+06
4.Ae+02:-3.83e+06-2.69e+06
5. 4e+02:-4.32e+06-2.8Be+06
6.0e.02:-4.R0e+06-3.08e.06
6.6e#02:-5.27e*06-3.2?e#06
7,2e.O2:-5.74e.06-3.46e406
7 .e.O2:-6.20e.06-3.64e#06
8.4e.02:-6.66e+06-3.82e#06
9,0e.02:-7.lle+06-4.U00e06
9. 6e02:-7,56e.06-4.[S.06
.Oe03t-R, OOe.06-4.35e.06
I le+0O:-8.44e*06-4,53e#06
1 Ie03:-R,87e÷06-4,70eo06
1 .2e,3:-9.le,06.4. 87e,06

STPE VERSUS LOG(TIME)
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ENTER THE CUT-PLANE*S NORMAL DIRECTION (X,Y,OR Z), OR QUIT (Q)> q
PREPARING TO DUMP AND QUIT.
(EXIT]

C.8 Three-Axis Stabilized Spacecraft in Sunlight

The following files are the input and output files from the various computer codes used
in the example shown in Section 5.1.2.

Matchg Execution (fort.3) for 3-Axis Stabilized Spacecraft in Sunlight

This is the fort.3 file generated from the execution of Matchg for this problem. The
environment is set to the severe substorm environment using the change environment
command. The material is KAP3. A summary of potentials and currents before and after
charging is requested. The process is repeated for all of the surface materials. During the
execution, the object definition files (below) was used as a fort.8 for material definitions.
The results are tabulated in Table 8.

WELCOME TO 'MhTCHG*. A MATERIAL CHARGING
PROGRAM. TYPE 'HELP' AT ANY TIME FOR ASSISTANCE.
MATERIAL IS KAP3
ENVIRONMENT NOW SINGLE MAXWELLIAN

cha e anvi eli 1.12.6

ENVIRONMENT IS A SINGLE MAXWELLXAN

ELEC'RONS- NEI a 1.12e*06 (MOO-3) TEl - 1.000 KEV
IONS : NIl 1.000*06 (141-3) T11 a 1.000 KEV

chamge e*al t.1 12

VIVIRONKENT IS A SINGLE HAXWELLAN

ELEC.'TRONSt NEI * 1,12e*06 Wt**-3) TEl - 12,000 KRV
IONS NIl - 1,00e*06 (MOO-3) TII a 1.000 KIV

Chan eanvi nil 2.260S

U9VIROWENTr IS A SINGtK KAXWELLIAN

ELEC'RONS: NEl - 1,12v0. 6 1h44-31 TKI 12.000 KeV
IoNs t NIl * 2.)6*0 IN4M-3) 7-3 t 1.000 K9V

than" eavi til 29.5

EOItRIW IS A SIMLE MAW.LLIAN

ELKMtc0'1W: NEI 1..12-'04 IN(*-3* f1 1 02.000 KtCV
l014.1S NIl * (N2'13.1 T 1 29.500 KKtV

ze~alt tChat"e

CYCLE I TIME 0.000000 Seca* POTWNTIAL 0.00e#00 VOLTS
UIXIO'M ELECT1M. WScicREW -i. iOe-06
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SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.01e-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 99 TIME 1.77e+04 SECONDS POTENTIAL -2.08e+04 VOLTS
INCIDENT ELECTRON CURRENT -5.84e-07

SECONDARY ELECTRONS 1.30e-07
C BACKSCATTERED ELECTRONS 1.42e-07

INCIDENT PROTON CURRENT 4.32e-08
SECONDARY ELECTRONS 2.07e-07

BULK CONDUCTIVITY CURRENT 1.64e-08

NET CURRENT -4.56e-08 AMPS/M*l 2

change material Lr~afl

MATERIAL IS LFAL

result charge

CYCLE 1 TIME 0.00o00 SECONDS POTENTIAL 0.000*00 VOLTS
INCIDENT ELECTRON CtURRENT 3. 10e-06

SECONDARY ELECTRONS 7. 1le-07
SACKSCATTERED ELECTRONS K.01e-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0,00e*OO

NET CURRENT -1.62e-06 AHPS/MH*2
CYCLE 2 TIME 8,4*,04 SECONDS POTE -At - 35.)%-0) VOLTS
ICIDE ELECTRON CURRENT -3.30e-06

SRCONDARY ELECTRONS 7.3e-07
SACKSCA4 PTRED ELECTRONS .Ore-07

INCIDNt; PROTON CURRlS? 2, 4e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDJCflVITY CURRENT 1.62e-06

NET CURRATt -4.66t-12 AWPSIN'2

chang materiel 813Gw

MATERIAL IS S130

nhult charg

CYLE I TIME 0.00r*00 SWnc rOTnIA o 0.00o*00 VOLTS
IMIDw ELEWtRO CURRN•T -1 300-o06

SECONDARY ELETrwOms 1.42.-OS
tA"SCAflt u 9=7109S R1.01-0o

ICIww PROTON C•tiRNAT 2340-00
SECONmARY tLw Ous I.14c-0?

aUL, CONIvmTIVZIV cUak? 0.0ooa-00

MET CtUREw ,').J2e-07 AnPS/'2*
*CYV= 2 TIME t.8ie'04 SECoND PoTchflAt -1.46e-Ol VOLTS

INCIDSENT sl ,s' CURl,? -J-100-06SeCV000y sfW oS 1. 42#-06
&k%-SCAT`VtD RIAC00M 9.01e-0-1

/IWIDENT "cle C'UI•wN 2 .54*-011
SIcON'- RY ELUCTROS 1. 14.- 07

""U CLKCUCTIVIXT CuWEwr 9.)2e-01
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NET CURRENT -1.13e-10 AMPS/I**2

change material FSLIC&

MATERIAL IS FSLI

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 1.33e-06
BACKSCATTERED ELECTRONS 1.07e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1. 14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -7.59e-07 AMPS/M**2
CYCLE 49 TINE 3.61e.04 SECONDS POTENTIAL -5.84e*03 VOLTS
INCIDENT ELECTRON CURRENT -2.03e-06

SECONDARY ELECTRONS 8.19e-07
BACKSCATTERED ELECTRONS 6.,56e-07

INCIDENT PROTON CURRENT 3.04te-08
SECONDARY ELECTRONS 1.38e-07

SUL. CONDUCTIVITY CURRENT 3.84e-07

NET CURREW9 -1.82-l0 A-MPS/W"2

change material gI~VEL

MATERIAL IS ELY

result cbehe

"CYCLE I TINE 0,OA,4*0O 5504 POTYJIflAL OOO@t0O VOLTS

flCtCIDINT CLCtROI4 CUR NW? -). )O.-O6

I SACIMuf SCAI00(1MURWIET OS 0.10*le40

SECONDAY ELC"TRONS 1.10e-01

MM"9it 6.010-0

BU~LK CSl TlV7 OCOltREN'? O.0Oe..0.00•41"

arahlr RM Cuna *4.6e-$AMS/7

"tYLK 2. TINE 4.42r*04 WEGOWS POTE#ttIAI -Sik9-Ol VOLTS
lIu lENT EL¶•I CUPRUN? -3.100-06

t I•MT A�a wELE otIOS 7ý3.f-07

IIKtIOn i'nnm Come"

VAXK rn*mcnvitv tMAUNT 1.600

WtT C*JUACw -1.710-12 AIwflhN'2

*how*e mtertel Sflma

MAXt I TINE OO006-Qo SEcoo"* P9Ik41I1AL 0.O0erOO Vo1LTS
IIICI Lec~h% CUIwUt -3I. 30*-06

srosmav ELECTRON 1.120-06

ImuaiVii PC"r cvltkmh 2.54#-OiS
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SFCONIARY II.ECTRONS I. I He -07,

NET CURRENT -1. 17e-07 AMPSj/M*2

CYCLE 40 TIME 7.62e+03 SECONDS POTFENTIAL -5.77e+03 VOLTS
INCIDENT ELECTRON CURRENT -:'.04e-06

SECONDARY ELECTRONS 7.52e-07
BACKSCATTERED ELECTRONS 1.lle-06

INCIDENT PROTON CURRENT 3.04e-08
SECONDARY ELECTRONS 1.43e-07

NET CURRENT -1.94e-10 AMPS/M**2

change material KAPlTN

MATERIAL IS KAPl

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS R.0le-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 99 TIME 4.42e+04 SECONDS POTENTIAL -2.02e+04 VOLTS
INCIDENT ELECTRON CURRENT -6.11e-07

SECONDARY ELECTRONS 1.36e-07
BACKSCATTERED ELECTRONS 1.48e-07

INCIDENT PROTON CURRENT 4.28e-08
SECONDARY ELECTRONS 2.04e-07

BULK CONDUCTIVITY CURRENT 3.98e-08

NET CURRENT -3.99e-08 AMPS/M**2

change material KAP2TN

MATERIAL IS KAP2

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e÷00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.0le-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1 14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2

CYCLE 99 TIME 1.77e+05 SECONDS POTENTIAL -1.79e+04 VOLTS

INCIDENT ELECTRON CURRENT -7.40e-07
SECONDARY ELECTRONS 1.65e-07
BACKSCATTERED ELECTRONS 1.80e-07

INCIDENT PROTON CURRENT 4.08e-08
SECONDARY ELECTRONS 1.93e-07

BULK CONDUCTIVITY CURRENT 1.4 le-07

NET CURRENT .2,06e-OR AMPS/M'4

change material ZRFPRT
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MATERIAL IS EHFP

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e÷00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 6.61e-07
BACKSCATTERED ELECTRONS 1.46e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.18e-07

NET CURRENT -1.03e-06 AMPS/M**2

CYCLE 99 TIME 1.01e+03 SECONDS POTENTIAL -1.82e+04 VOLTS
INCIDENT ELECTRON CURRENT -7.24e-07

SECONDARY ELECTRONS 1.45e-07
BACKSCATTERED ELECTRONS 3.2le-07

INCIDENT PROTON CURRENT 4.10e-08
SECONDARY ELECTRONS 2.01e-07

NET CURRENT -1.54e-09 AMPS/M6*2

change material ALUM

MATERIAL IS ALUM

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06

SECONDARY ELECTRONS 6.75e-07
BACKSCATTERED ELECTRONS 1.18e-06

INCIDENT PROTON CURRENT 2.54e-0R
SECONDARY ELECTRONS 6.92e-08

NET CURRENT -1.35e-06 AMPS/M**2

CYCLE 99 TIME 7.71e+02 SECONDS POTENTIAL -2.22e+04 VOLTS

INCIDENT ELECTRON CURRENT -5.17e-07
SECONDARY ELECTRONS 1.06e-07
BACKSCATTERED ELECTRONS 1.85e-07

INCIDENT PROTON CURRENT 4.45e-OR
SECONDARY ELECTRONS 1.31e-07

NET CURRENT -5.10e-OR AMPS/M**2

change material CPBZML

MATERIAL IS CPHE

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 1.35e-06
BACKSCATTERED ELECTRONS 9.25e-07

INCIDENT PROTON CURRENT 2.54e-OR
SECONDARY ELECTRONS 1,14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CIURRENT -R.8HOet.' AMPI/M**•

(:YCI. 4 TIME R. 15ei3 : SECONDS Po'rwrNIAL -4,45o+01 VOt,1.
INCIDENT ELECTRON CURRENT -3.2Re-0G

SECONDARY ELECTRONS 1.35e-06
BACKSCATTERED ELECTRONS 9.22e-07

INCIDENT PROTON CURRENT 2.55e-OR
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SECONDARY ELECTRONS 1.14e- 07
BULK CONDUCTIVITY CURRENT 8.76e-07

NET CURRENT -4.04e-11 AMPS/M**2

exit

(EXIT]

These three files are used in the execution of Nascap for the sunlit spacecraft example.
The first file is the standard input, which gives the options and the initial potentials. The
second file is the object definition, and the third file is the environment definition.

Standard Input to Nascap for 3-Axis Stabilized Spacecraft in Sunlight

rdopt 5
delta 60.
longtimestep
ncyc 20
ng 2
nx 33
mesh 0.457
sundir 1 .1 -. 2
seuiat 1.
end

obldef 20
capaci
hidcel
tuilizn
end

Object Definition File (fort.20) for 3-Axis Stabilized Spacecraft in Sunlight

This file is a!o used as a fort.8 material definition file for the execution of Matchg.

COmOM PR3LZKNXUY FLXT8ATCOK NODEL (VRBsION 1)
COMMMW PLIC48T I BPACZCRAFT WITO 397 NOD=L
'.WoIA USSR SIEZ IS 1.51s (0.457 X)
COMSM S/C ILLMINATID AT DAWN
CMoMT DEPINZ MATARIALSComm"T

3.50X#00 1.27E-04 1.00:-16 5.003+00 2.10Fr00 1.503-01 7.15X+01 6.003-01
3.12..+02 1.773+00 4.553-01 1.403+02 2.001-05 7.S03+19 1.003+04 2.00÷+03
1.001-13 1.001+06 1.00P.÷03 2.003+01
LFVALM
3.503÷00 2.541-05 1.231-08 5.00R+00 2.103+00 1.503-01 7.15÷+01 6.003-01
3.123*02 1.773+00 4.551-01 1.403+02 2.003-05 3.203+12 1.003+04 2.003+03
1.006-13 1.00Z+00 1.t0X+03 2.00÷+01
813G0
3.509÷V0 1.02Z-04 6.509-10 5,008+00 2.10X÷00 1.50Z-01 -1.00]1÷00 0.003+00
1.•3k+00 9.303+00 4.55Z-0! 1.40C+02 2.oo0-05 1.503+13 1.003+04 2.002+03
1.003-13 1.00R+00 1.003+03 3.003+01
rBLCA
4.002+00 1,523-04 1.003-14 1.002+01 .. 403-00 4.003-01 1.163+02 8.102-01
1.831+02 1.863+00 4.S55-01 1.40E+03 2.003-05 6.58Z+17 1.003+04 2.009+03
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1.00Z-13 1.00X+00 1.003+03 2-003+01
BELKV1L
3.502+00 5.08Z-05 1.403-08 5.009+00 2.103+00 1.503-01 7.15E+01 6.003-01
3.12X+02 1.77Z+00 4.552-01 1.40Z+02 2..GOE-05 1.402+12 1.003+04 2.003+03
1.009-13 1.00H+00 1.003+03 2.003+01
SSMESH
1.00R+00 1.002-03 -1.003+00 4.70Z+01 1.002300 8.002-01 8.45Z+01 8.203-01
7.943+01 1.74L+00 4.902-01 1.23Z+02 2.903-05 -1.003+00 1.00Z404 2.003+03
1.003-U3 1.0019+00 1.00Z+03 2.003+01
KAPITH
3.50z+00 5.089-05 1.002-16 5.003+00 2.10Z+00 1.502-01 7.153+01 6.003-01
3.12E+02 1.177+00 4.55E-01 1.40Z+02 2.003-05 2.003+20 1.003+04 2.003+03
1.003-13 1.003+00 1.00Z+03 2.003+01
KAP2TN
3.503+00 1.273-05 1.00Z-16 5.003+00 2.103+00 1.503-01 7.153+01 6.003-01
3.123+02 1.773+00 4.553-01 1.40Z+02 2.003-05 7.90Z+20 1.003+04 2.003+03
1.002-13 1.002+00 1.003+03 2.003+01
EIFPRT
1.00E+00 1.00Z-03 -1.00÷+00 2.443+01 1.403+00 8.003-01 -1.003+00 0.003+00
7.183+00 5.553+01 4.90Z-01 1.233+02 3.203-05 -1.003+00 1.003+04 2.003+03
1.003-13 1.003+00 1.003+03 2.003+01
ALUM
1.00E+00 1.009-03 -1.00Z+00 1.30E+01 9.703-01 3.003-01 1.54E+02 8.003-01
2.20Z+02 1.763+00 2.443-01 2.30Z+02 4.003-05 -1.003+00 1.003+04 2.00+E03
1.00E-13 1.003+00 1.002+03 2.003+01
CPHENL
3.50E+00 5.08Z-03 1.00Z-10 7.003+00 3.003+00 3.003-01 4.543+01 4.00Z-01
2.18E+02 1.773+00 4.55Z-01 1.403+02 2.003-05 1.003+10 1.003+04 2.003+03
1.00E-13 1.003+00 1.003+03 2.003+01
COMMENT
COMMENT DEFINE OBEmT
COMUNT PSC EQUIPWENT NODULE
OCTAGON
AXIS -2 -6 0 -2 -2 0
WIDTH 6
SIDE 2
SURFACE + KAP2TN
SURFACE - KAP3TN
SURFACE C KAPITN
3NDOBJ
COMQENT
COMMENT EQUIPIMNT MODULE SIDEIS/ SS PATCHES
PATCHR
CORNER -5 -6 0
DELTAS 1 1 1
SURFACE -X FSLICA
ENDOWJ
PATCHR
CORNER 0 -6 0
DELTAS I 1 1
SURFACE +X rSLXCA

•NDOBJ
PATCHR
CORNER 0 -4 -1
DILTAS 1 1 1
SURFACE +X rSLICA
3NDOUJ
PATCHR
CORNER -2 -3 -3
DRLTAS 1 1 1
SURFACE -Z FSLICA
ZNDORJ
P"CBR
CORNER -3 -3 -3
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DELTAS 1 1 1
SURFACE -Z FSLICA
ENDOWJ
PATCRR
CORNER -3 -4 -3
DELTAS 1 1 1
SURFACE -Z FSLICA
ENDOBJ
PATCRR
CORNER -2 -5 -3
DELTAS 1 1 1
SURFACE -Z FSLICA
ENDOBJ
PATCHR
CORNER -3 -6 -3
DELTAS 1 1 1
SURFACE -Z FSLICA
ENDOWJ
PATCHR
CORNER -2 -3 2
DELTAS 1 1 1
SURFACE +Z FSLICA
ENDOBJ
PATCHR
CORNER -3 -3 2
DELTAS 1 1 1
SURFACE +2 FSLICA
ENDOWJ
PATCHR
CORNER -2 -4 2
DELTAS 1 1 1
SURFACE +Z FSLICA
ENDOBJ
PATCHR
CORNER -3 -5 2
DELTAS 1 1 1
SURFACE +Z FSLICA
ENDOBJ
PATCHR
CORNER -2 -6 2
DELTAS 1 1 1
SURFACE +Z FSLZCA
ENDOWJ
PATCEW
CORNER 0 -3 1
FACE FSLICA 1 0 1
LENGTH 1 1 1
ENDOBJ
PATCEW
CORNER 0 -5 1
FACE FSLICA 1 0 1
LENGTH 1 1 1
V 'NDOBJ
PATCEW
CORNER 0 -3 -1
FACE FSLICA 1 0 --

LENGTH 1 1 1
ENDOBJ
PATCEW
CORNER 0 -5 -1
FACE FSLZCA 1 0 -1
LENGTH 1 i 1
ENDOBj
PATCHW

219



CORNER -4 -3 1
FACE FSLICA -1 0 1
LENGTH 1 1 1
ENDO3J

PATCHW
CORNER -4 -5 1
FACE FSLICA -1 0 1
LENGTH 1 1 1
ENDOBJ
PATCHy.
CORNER -3 -4 2
FACE FSLICA -1 0 1
LENGTH 1 1 1
ENDOBJ
PATCHW
CORNER -4 -3 -1
FACE FSLICA -1 0 -1
LENGTH I 1 1
ENDOBJ
PATCHW
CORNER -4 -5 -1
FACE FSLICA -1 0 -1
LENGTH 1 1 1
ENDOBJ
PATCHW
CORNER -3 -6 -2
FACE FSLICA -1 0 -1
LENGTH 1 1 1
ENDOBJ
COMMENT
COMMIENT EQUIPMENT NODULE TOP/U0F TRANSMIT ANTENNA
OCTAGON
AXIS -2 -3 0 -2 -2 0
WIDTH 4
SIDE 2
SURFACE + S13GLO
ENDOBJ
COMMENT REF ANTENNA PATCH
WEDGE
CORNER -1 -3 1
FACE VAP2TN -1 0 -1
LENGTH 1 1 1
SURFACE +Y EHFPRT
ZNDOBJ
COMUENT
C0MMNT ANT&NNA Ma
ASLANT
CORNER 0 1 -2
FACE 8SISH 1 -1 0
LENGTH 3 3 4
ENDOBJ
ATET
CORNER 0 1 2
FACE SSIU 1 -1 1
LENGTH 3

ASLANT
COMR -4 1 2
FACE SommE 0 -1 1
LMNGT 4 3 3

ATET
CORNER -4 1 2
FACR Somm -1 -1 1
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LENGTH 3
ENDOBJ
ASLANT
CORNER -4 1 -2
FACE SSNESH -1 -1 0
LENGTH 3 3 4
ENDOBJ
ATST

CORNER -4 1 -2
FACE SSMESH -1 -1 -1
LENGTH 3
ENDOBJ
ASLANT
CORNER -4 1 -2
FACE SSMESH 0 -1 -1
LENGTH 4 3 3
ENDOBJ
ATET
CORNER 0 1 -2
FACE SSNESH 1 -1 -1
LENGTH 3
ENDOBJ
COMMENT
COMMENT UHF TRANSMIT ANTENNA MAST
BOOM
AXIS -2 -2 0 -2 0 0
RADIUS 0.218
SURFACE S13GLO
EDO.BJ
BOOM
AXIS -2 0 0 -2 4 0
RADIUS 0.083
SURFACE ALUM
ENDOWJ
BOOM
AXIS -2 4 0 -2 5 0
RADIUS 0.0416
SURFACE S13GLO
ENDOBJ
COMMET
COMUENT SOLAR ARRAY PLUME SHIELD
PLATE
CORNER -4 -7 -2
DELTAS 0 1 3
TOP -Z X&PITN
BOTTOM *Z ALUM
ENDOWJ
PLATZ
CORNER -4 -7 1
DELTAS 0 1 1
TOP -Z ALUM
BOTTOM +X ALUN
ENDODJ
PLATE
CORNER -4 -7 2
DELTAS 3 1 0
TOP +9 KAPITE
BOTTOM -Z ALUM
mmDOBw
PLATE
CORNER -1 -7 2
DELTAS I 1 0
TOP +9 ALUM
BOTTOM -Z ALUM
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ENDOBJ
PLATE
CORNER 0 -7 -1
DELTAS 0 1 3
TOP +X KAPlTN
BOTTOM -X ALUM
ENDOBJ
PLATE
CORNER 0 -7 -2
DELTAS 0 1 1
TOP +X ALUM
BOTTOM -X ALUM
ENDOBJ
PLATE
CORNER -3 -7 -2
DELTAS 3 1 0
TOP -Z KAP1TN
BOTTOM +Z ALUM
ENDOBJ
PLATE
CORNER -4 -7 -2
DELTAS I 1 0
TOP -Z ALUM
BOTTOM +Z ALUM
ENDOBJ
COMMENT
COmMENT ANI NOZZLE
PATCHR
CORNER -2 -6 0
DELTAS 1 1 1
SURFACE -Y CPHENL
ENDOBJ
COMMENT
COMNACT UuP UwCZXV3 ANTENNA
COMMENT GROUND PLANE CAVZTY
WEDGE
CORNER 6 0 1
pACE ALUM 1 0 1

LENGTZ 1 1 1
SURFACE -X ALUM
SURFACE +Y ALUM
SURFACE -Y ALUM
SURFACE -Z ALUM
=MaiDO
WADGE
CORN•R 6 0 1
FACE ALUM -1 0 1
LENGT 1 1 1
SURFIACE .Z ALUM
SURFACE +y ALUM
SURACE -T ALUM
SUFACE -5 &Lou
amwO0J
WEDGz
CORNmR 6 0 1
FACZ ALUM 1 0 -1
LEn IT 1
S0UFACE -X ALUM
SWURFAM +Y ALUM
soURACE -Y AL•M
SURFACE 41 ALUM

WE-
CO•WUR 4 0 1
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FACE ALUM -1 0 -1
LENGTH 1 1 1
SURFACE +X ALUM
SURFACE +Y ALUM
SURFACE -Y ALUM
SURFACE +Z ALUM
ENDOBJ
COMMNT ANTENNA MAST
BOOK
AXIS 6 1 1 6 4 1
RADIUS 0.167
SURFACE S13GLO
ENDOBJ
DOOM
AXIS 6 4 1 6 5 1
RADIUS 0.167
"SURFACE ALUM
ENDOWJ
BOOK
AXIS 6 5 1 6 8 1
RADIUS 0.167
SURFACE 813GLO
ENDOBJ
COMMENT ANTEMA BOOMS
BOOK
AXIS 1 -2 0 6 -2 0
RADIUS 0.333
SURFACE LVALUX
ENDOW~
BDOm
AXIS 6 -2 0 6 0 0
RADIUS 0.333
SURFACE LIALUM
ENDODJ
COMONT

COMNT SOLAR ARRAY PAMELS
COUONT PANELS II /TZ PLAM
COMT CELL SIDE +X
PLATE
CORNR -2 -8 9
DLTUA 0 a 6
TOP +1 ISLICA
DOTTOM -X ULVE

PLATE
COuIR -2 -8 -15
DLTAS 0 a 6
TOP +Z V5LlCiA
307'M -X IMVE

PLATN
COM -2 -4 13
DLTas 0 1 1
TOP +X KAI•I
NWt•0U -3 SMLAVE
Rmmik
PLATE

SCOR -2 -4 -14
MELJAS 0 1 1
M MX WUPITV

COMM SOLA" "MirU so=(6
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AXIS -2 -4 3 -2 -4 9
RADIUS 0.06
SURFACE LFALUK
ENDOEJ
BOOK
AXIS -2 -4 -9 -2 -4 -3
RADIUS 0.06
SURFACE LFALUK
ENDOBJ
UNDSAT

Flux Defintion File (fort.22) for 3-Axis Stabilized Spacecraft in Sunlight

single maxwellian
1.12e6 nks
12 key
2.36e5 mks
29.5 key
end

Interactive Execution Runstream for Objdisp 3-Axis Stabilized Spacecraft in
Sunlight.

The following was used to create Figure 3 1.

asgfil called for lun - 21

NZ>33

NG>l

XMESH>
0 OBJECT DEFINITION INFORMATION BEING READ FROM PILE
0A SHADOWING TABLE WAS PREVIOUSLY GENERATED

FOR THIS OBJECT USING THE HIDC OPTION
asgfil called for 1u n 2

MATERIAL PLOTS? nO
0 PERSPECTIVE PLOTS -- <CRý TO EXIT

Y:, .1

Z> -. 2
HIOCEL - DtR % i .597 5900L. .0975900. -. 19518001
DISTANCE a 1000.00 4

*1,° .NG°*I IN HI.CEL N)T. 12 IFPFS $6001200000 BYPASSED ADAI
OFINAL HAI a 29R
0 PERSPECTIVE PLOTS -4- CR TO EXIT

Xý
(lEXIT)
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Termtalk Execution (fort.3) for 3-Axis Stabilized Spacecraft in Sunlight

A group of surface cells is defined for each of the materials. The final potentials for
each of the groups is requested. A history of the potential over time for the highest
potential cell and for one conducting cell is requested. The results are shown in Figure 33
and Table 9.

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset KAP3TR
DEFINITION OF NEW SUBSET NAMED KAP3

487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>material MA3TN
31 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP KAP3 WITH 31 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'HAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP*

>suabset LIALUN
DEFINITION OF NEW SUBSET NAMED LFAi
4?7 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>uatoia1 LFALUM
19 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>Gone

GROUP LPAL WITh 19 MEMBERS IS NOW DEFINED
RETURNING TO MODULE MAN,

0HOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

">8umet 21301
DEFINITION OF NEW SUBSET NAIM SI)G
.407 REMAINING IN OROUP
SUBSET INSTRUCTION PLEASE ?

*Mte.iil. 113010
25 REMAININU IN GROUP

SUBSET INSTRUCTION PLEASE ?

GROUP S130 WITh 2S MEMER• S Is N UPINED
RIIVRING TO MIOXA) 'HAIN,

CHOOSE ANY MiODULIE
HELP IS ALWAYS AVAILABILE - TYPE I#I.P-

.s ubslet IC, iA
In. INITION Or NEW ISUbsEc• •NA E VSI
487 REMAININO IN "ROUP

0 SUBSET INSTRUCTION PLLEASE 1'
materiel fPLICA
III RIEAININ IN GROUP
SwBSw :11STPUCTION PtEASE ?

,GROUP FSLI WITH 1I KtIMERS ljS I.NOW bIrNED
REiTURNING "l NDIJL9 '"AIN,

CHOOSE AWHL OUA.
HELP I ~ASAALBE TP IL
subeat SLKVEX

wwwIIITIOW *fb " ameV uWS A~lD BLMV
4617 RwhNd IN WIRPj

SUS2M2N*UQTIO MIASS P
• " "4•'• •.N| Z•; =11.25.•



>,mterial BLEL
96 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP BLKV WITH 96 MEMBERS IS NOW DEFINED
RETURNING TO MODULE KMAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE *HELP'

>subset 3821
DEFINITION OF NEW SUBSET NAMED SSME

487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>tmterial SIOIB
84 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP SSME WITH 84 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset KAPITM
DEFINITION OF NEW SUBSET NAMED KAP1

487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>material KAPlTN
55 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP KAPI WITH 55 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

>subset KAP2T?
DEFINITION OF NEW SUBSET NAMED KAP2

487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE 7

>'mterial K,•2T3
20 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
GROUP KAP2 WITH 20 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'

,)ubset WPMfl?
DEFINITION OF NEW SUBSET NAMED ZHFP

487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

3,mteuial 3113
I REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
)done
REMAINING MEMBER IS # 308
THIS SUBSET HAS I MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULI *MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
smubset ALUM

DEFINITION OP NEW S•USET NAMED ALM
4A7 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

peteuerial Am
17 REMAININO IN GROUP
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SUBSET INSTRUCTION PLEASE ?
>4oam
GROUP ALUM WITH 37 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIL"

S CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>subset CPNR=L
DEFINITION OF NEW SUBSET NAMED CPHE

487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material CPUENL

1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE 7

in-dgmw
REMAINING MEMBER IS * 259
THIS SUBSET HAS I. MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVATIADLE - TYPE 'HELP'

iletatos
LATEST COMMIAND OR MODE SET?

"mOO RESET
LATEST COMMIAND) OR MOO SET7

Noot RESE
LATEST CO*AOm OR MO= SET7

P0Th IN VOLTS- FOR NaSCAP CYCLE 20 ~.TIME 1.20~*003 SEC
3SS-G.O0e.O3 36164.00#.3 72-6.O0e.O3 69-6,0O..03 1)4-6O00i-03
260-4.O0ea03 71-6.00e'03 2S7-6,00#60 70-6.O0*r03 360-6,O0..O3
359-6.O0**E) 131-6.00**03 132-6.O0e.03 2S8-6,00#43 133 '6.00#413
262-6.0O..01 3kI-6.O0vr0i 136-60~00e.03 130-6,00e.0J )62-6O0*r0i
392-6.Oh.O03 390-6,00@.03 3%6-6.O#O. 3)94'6,00ee4i 67-6.00*.0)
7346.000,03 ISO-6.O0.0*3 23-6.00..03 RS-6.O0w.0) 2746,00..03
2146.0010)0 0 0.OhsOO0 0 0.00i'00 0 01004"00 0 01000400

LATUt ccuwtw OR Nwoss '
&#low9 tfAL&E
Pot IN vOL" FmN NWASCA CYLS 20 TIME tUG 2"003rO SWC
477-2,0#*102 410-R.04*.02 4*4-2,0Re.Oz 4U)-2.0S@.O2 442-24011.0Z
476-2.Oh0Z*0 412-2,040002 4t%'2.01#*02 4R1-2.01-002 440-2.00*402

*fl-2.04e002 *70-2,01*eo2 460-2.ott.02 *4362.4.flr 0 0.0Oesoo

t-pt. SfCOWL vI

ort IN vVOlT PUNM9CAP &CYC 20 ... ltIMEt S 0t~ IX~

440-2.09*0s0 61 4z.01*w02 I7I-2.0ic.02 171-2.O41e.02 100-2.04tr0
S1-.0e.0 1l~20R02 S.Olt2..002 M4-2.01e0-0 )0-2.05..02

40-3-k*fl.2 467-1.00001.0 4-1. W1rO) 305-1.00#42* 44- 1. *9.02
o an"t cuewib do not sn't I

MLt IN Vtfl FO N AOCA CVCI 20 ... T191S a 1,20o'Q1 SEC
)I.29).3 1Mj-2,WZ**O 200'2W~.0?*0 *4-2.OhsOJ 13-2.9Jes0i

t3-2frjfl so.~oo~o) 21-2.41e0#) )2-2.9Je*) 61oAnO
**-2 41*0312-100.0 19-.9)-0 iI~4cO fl-12teoaQ 310 .1.I11c.0$

11S-J.270i02 lstcl.I4es02 I00 -). 120e'02 112-1.06r*02 16S-1.O0*rO2
121-2.94..02 102-2.%Oe.02 111-2 %%tool I6$-1.U7*O2 11542.16#02

14U'41n02 j~~..t3lor2 I091-2.7¶..O*0 162Ge022-~*O



127-2.61e+02 186-2.60e+i02 139-2.59e+02 176-2.56e.02 153-2.54e+02
147-2,53e.*02 200-2.50e.02 167-2.40e+02 196-2.47e.02 98-2.44e+02
161-2.44e+02 110-2.42e.02 214-2.42e+02 187-2.41e+02 210-2.39e+02
126-2.J9e*02 104-2.18e+02 120-2.38e+02 140-2.36e.02 175-2.36e+02
201-2.33e+02 146-2.33e*02 154-2.33e*02 168-2.29e.02 195.-2.28e+02
215-2.28e*02 160-2.27e+02 97-2.25e*02 188-2.24e.02 209-2.24e+02
109-2.23e+02 105-2.21e+02 174-2.21e.02 121-2.20e.02 125-2.20e+02
141-2.19e+02 202-2.19e+02 155-2.17e+02 145-2.16e+02 194-2.16e*02
216-2.16et02 2OB-2.13e.02 159-2.12e.02 96-2.12e*02 189-2.lle.02
106-2.O9e.02 1O8-2.09e*02 lfl-2.09e.02 173--2.08e*02 203-2.08e+02
142-2.O8e*O2 124-2.07e*02 217-2.07e+O2 156-2.06ie.02 193-2.O5e.02
144-2.04e.02 207-2.04e+02 170-2.04e+02 19O-2.02e*02 95-2.02e+02
204-2.Ole*&02 107-29. 0e*02 218-2.O0e+02 172-1.99e+02 123-1.98e*O2
192-1,97et02 206-1.97e*02 143-1.97e*02 157-1.S5e.02 171-1.93e+02
191-1.92e+02 205-1.92e.02 0 O.00e+O0 0 0.O0e+00 0 0.00e+0O
LATEST COIOIAN OR MODE SET 7

)IOU SIVELm
POYL IN VOLTS FOR NASCAP CYCLE 20 ... TINE w 1.20r*03 SEC
232-2.O8e'02 227-2.ORetOZ fl6-2.08..02 229-2.08e4O2 228-2.ORe.02
34-2.08e.O2 342-2.oa..Oz 225-2.08e*02 340-2.08e402 337-2.08e.O2
224-2.08e*02 335-2.09.402 223-2.06.02 fl2-2.O8o.02 221-2.09*402
2)1-2.094e*2 230-2.08.402 264-2.08.432 344-208v*02 341-2.0Ros02
U16-2,08et02 334-2.OSQ.02O 263-2.0#*e02 2%4-2.08e*02 253-2.0Ro.02
252-2.e08.2 329-2.OaetOZ 339-2.08.402 327-2.oa,.02 3Z26-2.03*402
32332.08.402 Jfl-2.OetQZ 321-2.O8e'02 )20-2.OS..02 251-2.08..02
235-2,Oflt*02 .234-2,08.'02 248-2.08.42a 315-2.08.402 314-2.08.402
fl3-2.08..02 312-2.08.402 302-2.08tb02 301-2,003s02 300-2.00p.*02
29%-2ý08**42 247-2,08..02 244-2.08**43 245-2.03r-02 295-2.08.402
294-2-083.02 293-2.08**42 292-2.08.42Z 291-2.03.42l 284-2.0S..02
287-2,08.402 2S6-2.0R..02 28-2.08#402 244-2.Ot#402 243-2,080.02
Z44-2.0It*02 26)-2.08..02 280-2 OS..02 279-2,080*02 278-2.08.4#2
277-2.086.02 274-2,08.402 273-2.08.402 272-2.08942 271-2.084**2
237-2.O3..02 236-2 '03.42 268-2.Ok.*02 267-2.03.42 266-2.08.402
263-2.03..02 270-2.02#42 214-2..01r02 3k4-2..08r02 250.2.08.402
M3-2.00.42 241-2,08.402 296-2.08.42 Zfl-2,O1e.02 319-2.008.42
317-2.01**02 345-208.*42 33J-2.0#*02 23)-2.08.#0Z 331-2.081*42
249-2.034#*2 249-2,00*42 2S)-2.01fae02 2974.Ole.902 318-2.08.402
132-2,080#02 0 0.00*400 0 0.0*0*0 0 0.0000W0 0 0,000*s0O
zantU coewo im wOMst 1s

NOMt 1w VOflv W0 AtZAI3 acts 20 TIM * 1.20. SW
4t13.6*03440~-240#4s2 410-2.0O1#02, 413-2. OWrO? 40-=2,01#402

406.2.04#42 4f-2.03.'-02 0434.000.02 4M)2.040.02 412-2,003402
.4)lt4.08*02 40.042 420-2 .Oir4z 4280-2.0I6#42 427-2.011*42
424520W*02 425..20*.042 424-2.01*s02 423-2.009r024f.20u0
*21-2.0ku02 42042.04#402 4&94,. ý0#*#02 414'2.0Ve*e2 4I1t2 ,04**02
416-2.01*42 41S-2.04#42 414-2,00#42 4k1-2,06r02 412-2.01#42-

)fl2.0a0Z 332-2.00#'02 181-2.01#602I8-.0v0 )f-2Ot2
fl*-.0602 4*-2.08.a02 345-2.01r02 3)W-2.03.02 3S10c0

fl$.O~OZflI2.0. .2 20-2.04e'02 219-2.034#42 2l.1-2.090a02
214.9rZ 14-2.00#402 97-2 .01.'02 944-.01##02 914-.O*t'03

92-.0h02 1-.0Wo~ 0'.08'02 39.0r#02 '442.0S*.02

S2-.0B.02 SI r02 S0-.03s*2 49-2.OS..02 *6-2.00*42
4-.li2 46-12 O8.s02 414.01*401 16-2.08.402 11-2.00,@402

144 .0ka02 11-2.04#42- 12-2.06r02 11-2.040s02 10-2.0*#402
9-2.Ok.2 3-.03402 1-2.03c02 -2. 03e.02 5-2. 00402

442.G3.02 J2.004.. 2-2.0l46*2 1-2.ourO2 0 o.O*0".O6

it...f Wits
Pon. to WV"S f* *WACA' avcIA 20 . -lo TI -=I. 20r010 ZC?

fl-.nr) 0-2flrZ 2-&.lOJ 7642.tVSrO) fl-2.0*S*'0J
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33-2.95e*03 36-2.95e+03 34-2.95e+03 35-2.95e*03 30-2.,95e+03
31-2.95e+03 135-2.95e+03 '14-2.95e+03 22-2.95e+03 28-2.95e+03
24-2.95e+03 114-2.75e*03 240-2.57e*03 352-2.54e+03 351-2.51e*03
354-2.36e*03 349-2.33e#03 363-1.62e+03 255-1.51e+03 365-1.44e+03

*395-1.41e*03 357-1.32e+03 389-1.26e*03 391-1.25e+03 367-1.10e+03
149-1.05e+03 )98-9.86ee02 364-9.77e+02 397-9.55e*02 403-8.42e+02
377-7.90e+02 402-6.51e*02 366-6-48e#02 400-6.46e.02 289-5.37e*02
169-4.44e.02 409-3.98e+02 407-3.74e.02 169-2.14e.02 158-2.O2ei.02
LATEST COMMAN4D OR MODE SET?
>goup YAP2TH

*POTh IN VOLTS FOR UNZSCAP CYCLE 20 .. TIME = 1.20e*03 SEC
408-9.67e+02 410-7.48e+02 86-6.)Re*02 41-4.7)e*02 97-4.36e.041
375-4.12e+02 R2-2.99e*02 I78-2.50e.02 184-2.47e*02 39-2.41e*02
3O4-2.40e*02 311-2.36e#02 406-2.24~t.-02 371-2.17c-*Q2 404-1,78es02
368-1.49e*02 0-1.40e+02 376-5,7&.Ql 37-5.27o*fl1 79)-1ý27e.*01
LATEST COMMAND~ OR NO= SET ?

b.9gau ALM

P0ThL IN VOLTS FOR UASCAP CYCLE 20 .. N. rie 1,20e-0) SEC
464-2.O8e*Q2 459-2.08e*O2 458-2.08e+02 457-2.O8e*0Z 4¶56-2,O8e*02
453-208e*O2 452-2.08e*02 451-2.08e*O2 45O-2O0e*02 4494 .08e*02
44B42,O8e.O2 447-2.08e.O: 4462u8i~e02 445,-2, e8o*2 444-2,O8e*02
443-2,08e*02 442-2,08e*02 3I47-2.O0e.O2 386-2.8o*0~2 385-208**02
384-2.Oae*02 155-.O0ce'02 3532.4e#.02 35042.08e*02 348-2a.08.*O2
24-,v0 239-2,0Ro*O2 1164.Q08*O02 113-2LO8e-02 6620e0
65,-2,Oseo* 60-2,O8..O2 59-2.09o*O2 20O2.aviO2 1942.06e*02
10-2,Oe*02 17-2,00e*02 0 OOO0a*O0 0 O.OO..OO 0 0.000#00

LATEST COMMANID 09 NOWE sET
"eiewto
SIN=L COMWMAN ON16=O SEt

CKHtREDAT -1.) -3.0 .
MAT"UfA, is Wirt

MOhTA *-2.078..O3 VOLUS

sumix~ Comm MON H= T

etwul AT -. s -. 0 A
NATUIAL lz; era4

POT04TIA *-11si.0,0 VOLTS

NiSTOY CUAW~O ok o "OT SIT

fl1 t

I~..........
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9.0e+02:-4.77e+03
9.6e+02:-5.02e+03
1.0e+03:-5.26e+03
1.le+03:-5.53e+03
1.1e+03:-5.77e+03
1.2e+03:-6.00e+03

POTL VERSUS LOG(TIME)
0.0 :*. Oo ......... .............................................. ................................. .......................

. .. . .~ .. . . . . . . .. . . . . . . . . [0

-|. e* }*.. .. ............. ...... ............................................................................. ......-L -................................ .....................................................................................

* . .1

]* . .....................................................................................................................

-4.O e0l•0 -..................................................................... I..1 . .. . .. ... .. ... . .. .. .

-5 • * • . . . . . . . . . ..................................................... 1. .. . . . . . . . . . . . . . . . . .

.1

-6. e*1 . . .............................................................. 1..................................1

-7 .00e*03....................................................................................................................

1.000.00 1.50;.00 2.00e00 2.50;.00 3.00e00 3.%0#-00 4.Oau.;o

HISTORY COMMAND OR MODE SET ?
>477
POTL IN VOLTS

TIME 477

# #2 #3 #4 #5 #6 #7
6.0e+01:-4.72e+00
1.2e+02:-5.21e+01
1.8e+02:-5.14e+01
2.4e+02:-8.93e+01
3.0e÷02:-8.99e+O1
3.6e+02:-9.52e+01
4.2e+02:-9.82e+01
4.8e+02:-1.03e+02
5.4e+02:-1.07e+02
6.0e+02:-1.07e+02
6.6e+02:-1.13e+02
7.2e+02:-1,20e+02
7.ge+02:-1.20e+02
8.4eýO2:-1.30e+02
9.0e.02:-1.36e+02
9.6e+02:-1.38e÷02
1.0e.03:-1.46e+02
i le÷03:-1,80e÷02
1.le+03:-1.95e+02

1.2o+03:-2.08e+02
POTL VEPSUS LOG(TIME1
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S0. 1. ..

. .. .. .. .. .. .. . .. . . . . . . ... .... .. . . . . . . . .. ... .. . . . . . . . . . .. . . . . . . . . .

-1. Go + 2 . . . . . . . . . . . . . . . . . .. . . . .. . . .1. . . . . . . . . . . . . . . . . . . . . . . .. . . . . .

S• ~ -25, 0 e02+ .......... ......... "."................... l...... l........................ ...........................................

1.0P0 1 0 00200 0 .50-1 0 0 .0+040e0

LOOe÷02+ .................... ..............................

HISOR COMN O. MOD SE ?l

* . ..

-lI "S-eO2l

I -L00.OO.2+ ............. -............ .......................................................................................

1,0o +00 I.',G.,+0 200,l 2.OO0.*00 .30.*OO I.OO..OO0 4,000+00
SHISTORY COMMAND OR MODE SET ?

>exit

Interactive Runstream for the Execution of Contours for 3-Axis Stabilized
Spacecraft in Sunlight

The tfllowing was used to create Figures 34 and 35.

ENTER TITLE>:

avgfil called for lun = 2
asgfil called for lun = 21

NZ>33

NG>

ENTER THE CUT-PLANE"S NORMAL DIRECTION (X,Y,OR Z), OR QUIT (Q)> z

ENTER THE CUT-PLANE"S OFFSET ALONG THE NORMAL>14

ENTER 1 (SINGLE), 2 (DOUBLE), OR 0 (OMIT) TO SPECIFY FORMAT OF ZERO-POTENTIAL>:
DEFAULT STRING -:SINGLE> ASSIGNED.

ENTER THE CUT-PLANE"S NORMAL DIRECTION (X,Y,OR Z), OR QUIT (Q)> z

ENTER THE CUT-PLANE"S OFFSET ALONG THE NORMAL>17

ENTER I (SINGLE), 2 (DOUBLE), OR 0 (OMIT) TO SPECIFY FORMAT OF ZERO-POTENTIAL>:
DEFAULT STRING <SINGLE> ASSIGNED,
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EN4TER THE CUTY-PLANE'S NORMAL DIRECTION (X.Y.OR Z), OR QUIT (Q)> q
PREPARING.. TO DUMP AND QUIT.
(EXIT]

C.9 Polar Orbiting Spacecraft-DMSP

The following files are the input and output files from the various computer codes used
in the example discussed in Section 5.1.3.

suchgr Execution (fort.3) Polar Orbiting Spacecraft-DMSP

This is the fort.3 file generated from the execution of suchgr for this problem. The
environment is set to the severe auroral environment. Space-charge-limited current
collection is requested, the mach velocity is set to 6.7, and the spacecraft radius is set to
1.9 m. The material is set to SOLA. A summary of potentials and currents before and
after charging is requested. The process is repeated for all of the surface materials. The
results are shown in Table 10.

Welcome to SUCHGR 1.3

***ERROR - READMS - LUN !- KEY= I NOT PREVIOUSLY WRITTEN.
***ERROR - READMS - LUN 19 KEY=CONT NOT PREVIOUSLY WRITTEN.
***ERROR - READMS - LUN 19 KEY=MT19 NOT PREVIOUSLY WRITTEN.

Default material is
Default environment is DMSP

SUCHGR command >> DEN1 3.55e9

SUCHGR command >> TENPI 0.2

SUCHGR command >> DE32 6.0C 5

SUCHGR command >> TZXP2 8.053

SUCHGR command >> GAUCO 4.0e4

SUCHGR command >> MN1UT 2.424

SUCHGR command >> DELTA 1.624

SUCHGR command >> POwCO 3.0211

SUCHGR command >> PALPRA 1.1

SUCHGR command >> PCUTL 50.0

SUCHGR command >> PCUT 1.6Z6

SUCHGR command >> vend -5000

SUCHGR command s> apolim

SUCHOR command » av•utch 6.7
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SUCHGR command >> robj 1.9

SUCHGR command >> mate xola
Setting default values for material SOLA

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -4.9125e+02 volts

Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5199e-05 A/m**2
Electron Secondary Flux 3.7908e-06 3.0361e-06 A/m**2
Backscattered Electron Flux 2.7606e-06 2.6164e-06 A/m**2

Incident Ion Flux 4.1548e-07 9.4658e-06 A/m**2
Ion Secondary Flux 0.0000e+00 1.0897e-07 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2

Conduction Flux 0.0000e+00 0.0000e+00 A/m**2

Total Plux -5.1556e-05 2.8271e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVHACH= 6.700e+00
Final Sheath Radius= 9.069e+00 meters ROBJ = 1.900e+00 meters

SUCHGR command - mate npai

Setting default values for material NPAI

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -5.4125e+02 volts

Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5155e-05 A/m**2
Electron Secondary Flux 4.3803e-06 3.1805e-06 A/m**2
Backscattered Electron Flux 1.7080e-06 1.5942e-06 A/m**2

Incident Ion Flux 4.1548e-07 1.0148e-05 A/tn**2
Ion Secondary Flux 0,0000e+00 2.8374e-07 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e÷00 A/m**2

Total Flux -5.2019e-05 5.1363e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6.700e+00
Final Sheath Radius= 9.390e+00 meters ROBJ = 1.900e+00 meters

SUCHGR command >> mate aqua
Setting default values for material AQUA

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units
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Surface Potential 0.0000e+00 -6.0375e+02 volts
Conductor Potential OýOOO0e+0O O.OOOne+OO volts

Flux Breakdown:
Incie-it Electron Flux -5,8523e-05 -1.5102e-05 A/m**2
Electron Secondary Flux 2.2214e-06 1.7910e-06 A/m**2
Backscattered Electron Flux l.955le-06 1.8232e-06 A/mk,*2

Incident Ion Flux 4.1548e-07 1.0997e-05 A/m**2
Ion Secondary Flux 0.0000e+00O 4.0207e-07 A/m**2

Photo Flux 0.0000e+O0 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/Inl**2

Total Flux -5.3931e-05 -8.9032e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6.700e+00
Final Sheath Radius= 9J.775e+00 meters ROBJ =l.900e+00 meters

SUCHGR command >> mate kapt
Setting default values for material KAP'r

SUCHGR command, >> charge

Charged under Space Charge Limited Regime
- Initial Final Units

Surface Potential 0.0000e+00 -6.4125e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5070e-05 A/m**2
Electron Secondary Flux 2.8429e-06 1.5059e-06 A/m*12
Backscattered Electron Flux 1.7080e-06 1.5819e-06 A/m**2

Incident Ion Flux 4.1548e-07 l.1511e-05 A/m**2
Ion Secondary Flux 0.0000e+00 4.8213e-07 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2

Total Flux -5.3556e-05 1.0892e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= C.7O0e+OO
Final Sheath Radius= l.OO0e+Ol meters ROBJ z 1.900e+00 meters

SUCHGR command >> mate alun
Setting default values for material ALUM

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final Units

Surface Potential 0.0000e+00 -5.6625e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
inci.dent Electron Flux -5.8523e-05 -1,5134e-05 A/m**2
Electron Secondary Flux 1,8627e-06 1.3977e-06 A/m**2
Back.zcattered Electron Flux 3.2424e-06 .3.0656e-06 A/m**2

Incident Ion Flux 4,1548e-07 1.0486e-05 A/m**2
Ion Secondary Flux 0,0000e+00 1.7658e-07 A/m**2
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Photo Flux 0.0000e+00 0.0000e+00 A/m**2

Conduction Flux O.O000e+O0 O.OOUOe+00 A/m**2

Total Flux -5.3002e-05 -7.5891e-09 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6.700e+00
Final Sheath Radius= 9.545e+00 meters ROBJ = 1.900e+00 meters

SUCHGR command >> mate tefl
Setting default values for material TEFL

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -5.2875e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5166e-05 A/m**2
Electron Secondary Flux 3.9214e-06 2.7974e-06 A/m**2
Backscattered Electron Flux 2.1803e-06 2.0504e-06 A/m**2

Incident Ion Flux 4.1548e-07 9.9798e-06 A/m**2
Ion Secondary Flux 0.0000e+00 2.6240e-07 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2

Total Flux -5.2005e-05 -7.6453e-08 A/m**2

Init Sheath Radius= 1.900e÷00 meters AVMACH= 6,700e+00
Final Sheath Radius= 9.312e+00 meters ROBJ 1.900e÷00 meters

SUCHGR command >> mate gold
Setting default values for material GOLD

SUCHGR command >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -1.8750e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5497e-05 A/m**2
Electron Secondary Flux 3.0267e-06 2.8391e-06 A/m'*2
Backscattered Electron Flux 8.0270e-06 7.8697e-06 A/m**2

Incident Ion Flux 4.1548e-07 4.7575e-06 A/m**2
Ion Secondary Flux 0.0000e+00 5.3101e-08 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2

Total Flux -4.7054e-05 2.2975e-08 A/m**2

Init Sheath Radius= 1.900e+O0 meters AVMACHw 6.700e+00
Final Sheath Radius= 6.429e+00 meters ROBJ a 1.900e+00 meters

SUCHGR command > > mate opai
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Setting default values for material CPAI

SUCHGR commnand >> charge

Charged under Space Charge Limited Regime
Initial Final Units

Surface Potential 0.0000e+00 -6.4125e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
Incident Electron Flux -5.8523e--05 -1.5070e-05 A/m**2
Electron Secondary Flux 2.8429e-06 1.5059e-06 A/m**2
Backscattered Electron Flux 1.7080e-06 1.5819e-06 A/m**2

Incident Ion Flux 4.1548e-07 l.l5lle-05 A/m**2
Ion Secondary Flux 0.0000e+00 4.8213e-07 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e4-00 A/m**2

Total Flux -5.3556e-05 1.0892e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVHACH= 6.700e+00
Final Sheath Radius= 1.OO0e+Ol meters ROBJ =l.900e+00 meters

SUCHGR command >> mate silv
Setting default values for material SILAV

SUCHGR command >> charge

Charged under Space Charge Limited Regime
initial Final Units

Surface Potential 0.0000e;00 -2.9438e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:
incident Electron Flux -5.8523e-05 -1.5382e-05 A/m**2
Electron Secondary Flux 2.8423e-06 2.6023e-06 A/m"62
Backscattered Electron Flux 6.3595e-06 6.1775e-06 A/m'62

incident Ion Flux 4.1548e-07 6.5072e-06 A/mt'12
Ion Secondary Flux 0.0000e+00 1.0787e-07 A/m**2

Photo Flux 0.0000e+00 0.0000e+00 A/m*42
Conduction Flux 0.0000e+00 0.0000e+00O A/m"12

Total Flux -4.8906e :05 1.2900e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVHACHu 6.700e+00
Final Sheath Radius= 7.519e+00 meters ROWJ a l.900e.OO meters

SUCHOR commnand >> quit

Want to save a copy of the session? >ý yen

Exit SUCHGR.

The computer vehicl was executed with the following standard input mid object
definition files. Somic of the resulting figures are shown in Figure 37.
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vehicl Execution Standard Input Polar Orbiting Spacecraft-DMSP

nxyz 19 15 27
* tplots yes
makeplot 2
plotdir 2 3 5
plotdir -2 -3 -5
end

Object Definition File Polar Orbiting Spacecraft-DMSP

COIMDT ASSUMING A GRID OF 19,15,27
01SL3T 10 7 13
comment * SOLAR CULL AURAY
comment **** solar cell panel
CONDUCTOR 8
SLAIN
corner -8 0 -2
top solar 0 1 -1
bottom npaint
length 2 6 6
endobj
PATCXW
corner -8 2 -5
face gold 0 1 -1
length 1 1 1
endobi
comment ****** solar cell panel
CONUDCTOR 7

corner -6 0 -2
top solar 0 1 -1
bottom vpaint
length 2 6 6
eadobj
PATOIW
corner -6 3 -4
face gold 0 1 -1
length I I 1
ondob:j
commnt ****** solar caell gael
CONDOTO 6

comer -4 0 -2
top solar 0 1 -1
bottom ppaint
length 26I 6
en~obS

4 ~PATCUW
corner -4 2 -S
face gold 0 1 -1
length I 1 1endobj
omment **** solar Cell Pnaul

S courvem 5

coroer -2 0 -2
top solar 0 1 -1
bottom Maint
length 3 4 6
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PATCHW
corner -2 3 -4
face gold 0 1 -1
length 1 1 1
endobj
conment ****** solar cell ipanel
COUDUCYOR 4
SLANT
corner 0 0 -2
top solar 0 1 -1
bottom npaint
length 2 6 6
endobj
PA!•CH
corner 0 2 -5
face gold 0 1 -1
length 1 1 1
endobj
comment *t*** solar cell Vanel
COMIDUCTOR 3
SLAWT
corner 2 0 -2
top solar 0 1 -1
bottom apaint
length 2 6 6
endobi
PATC•W
corner 2 3 -4
face gold 0 1 -l
length I 1 1
endobj
cement "*'**' solar cell pael
CONDUCTOR 2
SLANT
corner 4 0 -2
too solar 0 1 .1
bottom nwant
length 2 6 4endobjl
PATCUW
corner 4 2 -5
face gold 0 1 -1
length I 1I

coment **#*** solar cell paol
CONDUCTO I

corner 6 0 -2
top solar 0 1 -1
bottom gatut
length 2 4 6

cornerS 3 -4
face gold 0 & -1
length I I 1erAobj
coement battery bos twicop
OCYA~OM
anis 0 0 -2 0 0 -1
width 6
side 4
cement 10 ail 2.8 surface teflen -peint
suface C Oaint

m • qI l II , I23 .



surface - cpaint
surface C cpaint
endobj
commnt RS8
OCAWO
axis 0 0 -4 0 0 0
width 6
side 2
comment 5 ail aluminized 2nd surface teflon is default
surface * teflon
surface teflon
surface C teflon
endobj
comment AM motor, oicydized Ti aquadag ?
PATCRR
corne -r -1 -4
deltas 2 2 1
surface -a aquadgendobe
camWat a8n truss piece
comnat Proper truss to not possible, so eftend res and en
OCYA"O
axis 0 0 0 0 0 1
width 6
side 2
surface teflon
surftce - teflon
surface C teflon

comme•t battery box"
coumeat OCTAGO,
commut aiad 0 0 -2 0 0 -1
coimet Width 6
aoment side 4
Coment surface . opeint
comNtmitt.erfe - c€iat
Commet surface C C0a40%
comost endaobj
COMMt OCTA- -
Coimat Oat 0 0 -4 0 0 0
coMet width S
Comemnt side 2
coment surfac t telWG
eComent surface - tefloa
COMMit surfeca C totlao
comet• eadobi
Comaftt Caneetor pisea
ce-,met~r •#OCTA
comeat &Rioe 0 0 0a0 1
commt Wistb I
Cosaent Oide 2
COMMet surface * epset.

"crnstestarte e v-aint
COeMM surfae C qpaint
Comest dMobj
comet US truss piece

Conte- -1Sdeltas 6 2 1

suttee• -Y tefloc
sur•a6e#vt tefloo
settee. -y tat lam
surface -*r tef lam

surt6fe -a et*loc
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surface *a teflon
safobj
comment US truss place

cornet 00 1
face teflon -1 1 0
length 3 3 1
endobj
coinent US8 truss piece

WIDON
corner 0 0 1
face teflon 1 1 0
length 3 3 1
e ndobjco me nt 388 truss lovr piece
WED=E
corner -1 -2 1
face teflon 0 -1 1
length 2 1 1
endobj
:acne nt R38 truss piece lower
TZTmA
corner -1 -2 1
face teflon -1 -1 1
length 1
surface *x teflon
surf ace +y teflon
surface +z teflon
endobj
coment R388 truss piece lower

TRTRAN
corner 1 -2 1
face teflon 1 -1 1
length 1
surf ace -x teflon
surf ace +y teflon
surf ace +x teflon
endobi
comment UK*****~* 8 pieces
RECTAN
corner -3 -2 2
deltas 6 2 7
surface -z kapton
surface *x kaoton
comment bottom of M8 is *Sail 2nd surf Al Kapt Dacron cloth1
co mesnt using npaint just for pictures
surface -y upaint
surface *y kapton
surf ace -x kapton,
surface +a kapton,
endobj
WEDGE

Corner 0 0 2
face kapton -1 1 0
length 3 3 7
surface #a kapton
endobj
WEDGE
corner 0 0 2
face kapton I 1 0
length 3 3 7
surface #a kapton
endobj
comment M****'' 8 pinwheel louvers
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mew.
corner -1 1 3
face aluminum -1 1 0
length I 1 1

corne 1 1 3
face elusinun 1 1 0

comwe -3 -1 3
deltas 1 1 1
eurfaea -a aluminum

conr2 -1 3
deltea 11
surace* *a aluminum

coiner -1 1 5
face eluamium -t 1 0

len#th I I 1

s~i-

dolt" alm a 1 I @
as
*ales

cogs -3" -I- to

detast 41"kf 1 1

*to"s I I a

omaet oft 1 7Lm

tee slin'441



surface -a haflon
surface *z kapto.
surface -Y bepta.
surface .y beatas
surface -a beptas
su4rface *a kaptas

coaswt enemas
Comet via"3
cemet corner 1 3 9
coaset deltas 0 1 1
cemment top -a abetsn
cemment bottom 4 .au~
coaswt s0dcabj
cV0Ment more estens
Comsent 96Mi
commast cornher 4 4 9
ca00t tap aiwuls -1 10a
easM~t bottom attain
taomnt lenutb)3 3 1
Crnesat e~obi
coment go"e aflaen
cammnt $LAIW
cowast coiner 3 5S1
comment too elamis -1 1 0
can~t bottom 04umas
cammnt length 1 I S
ce"at endoWj

"pan
-orner -3 0 9

tep *y tegling
bottom -Y tlail

" "lwn an-A

too tot 01 1
bottom alt&

c1o01t waile to sin* trip~le *"et

tante 0011IG

rtec taIlS 0 -1.

esurf e -a talse

"attiste tails.
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surface .z teflon

comaot sunshade
snow
corner 2 0 13
face teflon 0 1 -l
length 1 3 3
surface -a teflon
surfaee *a teflon
surface -Y teflon
surface ty teflon
surface -u teflon
surfaeei .: teflon
endobi
-Dow
corner 0 012
face teflon -1 -1 0
le0gth I 1 1
surface -x teflon
surfacsm N teflon
surface -Y teflon
sw"f ace +y teflon
Surface -a teflton
eurlace. *a tel 1pm

cowuet Slants cannot be.1 46ctag"nt aw s*"face v
comnct waglm"e With wedgs"
capmt SIAM

@flmt caorm 1 -1 13
ciwnxa too teftlon 1 -1 0
conbot bottowexalu

wasset, lemgth I II
a en eetbj

*eabot SLAM
coimet corns 1 41 12

tantto *tloem 4 -104
atome bottom ala

Canet lenth I 1 1
Caokt 44"bi

tanint 1 -1 13
tore raftios I A40
length .1 1 1
attres -a tot-loa
awttir *0 teflon
"sttes" -Y tetio

oattic. w tot has
aortoe. *s rt~ami

*Artecs rtfilos

WAtoaCt1 -1 iitg

ta6e Wa4e -1 -106



length 1 1 I
surface -a teflon
surface +x teflon
surface -Y teflon
surface *y teflon
surface -2 teflon
surface *u teflon

MNuns 0 -1 12 top
NSIMS 1 -1 12 top
MAIMS -1 -2 12 bottom
MAIMS 2 -2 12 bottom
coas~t ** 00* Z"&dSu-o

Corner 3 -2 It
delte~ 1 2 1
surface -at teflon
euvflace *a teflon
surface -Y gold
eurface ty stiver
surface -a teflonk
aw"Iface *a teflon

35111 3 0 11 top
CONN=M "EIM MayS PMJC

cornar "3 -2 10
deltas 513
Surface -a teflon
aurfaee *a teflon
surface -Y teflon
surface 4y teflont
surface -steflont
surface .atlo

delta* I I I
Ort ate -a teftlona

sureace -Y teflont

surfate -a tefll**
nettaceenete

ftet teflon 0 -t 1

surface* -a teflon

surface *a teflon

surac -1 10ls

On Afete 4a teflon
"traitenate s

deltas 1 1 2
sowae*-" teitem
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surface +z teflon
endobj
WEDGE
corner -2 -2 10
face teflon 0 -1 -1
length 1 1 1
surface -x teflon
surface +x teflon
surface -y teflon
surface +y teflon
surface -z teflon
surface +z teflon
endobj
WEDGE
corner -2 -2 10
face teflon 0 1 -1
length 1 1 1
surface -x teflon
surface +x teflon
surface -y te~lon
surface +y teflon
surface -z teflon
surface +z teflon
endobj
comment new bottom stuff
RECTAN
corner 2 -3 2
deltas 1 1 2
surface -x zapton
surface ÷x kapton
surface -y kapton
surface ÷y kapton
surface -z kapton
surface +z kapton
endobj
RECTAN
corner 2 -3 6
deltas 1 1 1
surface -x kapton
surface ÷x kapton
surface -Y kapton
surface +y kapton
-surface -z kapton
surface +z kapton
endobj
WEDGE
corner 3 -3 7
face teflon -1 0 1
length I 1 1
surface -x kapton
surface +x kapton
surface -y kapton
surface +y kapton
surface -z kapton
surface +z kapton
eandobj
RCTAE

corner -3 -3 7
deltas 3 1 1
surface -A kapton
surface 4x kapton
surface -y kapton
surface +y kapton
surface -x kepton
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surface +z kapton
endobj

corner 0 -3 7
face teflon 1 0 1
length 1 1 1
surface -x kapton
surface +x kapton
surface -y kapton
surface +y kapton
surface -z kapton
surface +z kapton
endobj
RECTAN
corner 0 -3 5

deltas 1 1 2
surface -x kapton
surface +x kapton
surface -y kapton
surface +y kapton
surface -z kapton
surface +z kapton
endobj
ENDSAT

The orient standard input defines the mach vector. Here the spacecraft is moving at

mach 6.7.

orient Execution Standard Input Polar Orbiting Spacecraft-DMSP

vmach 6.7 0.0 0.0

The nterak execution was completed in nine steps. The standard input files are shown

below. The fifth standard input was used for the fifth through ninth continuation.

nterak Execution Standard Input Polar Orbiting Spacecraft-DMSP

DEFAULT
ISTART NEW

comment
coent Choose Physical Models to be used.

igical yes

sthwake on
aveprtcl on
thr~mprd on

comment
comment Redefine Algorithm parameters

maxito 50
potcon 4
dvlim 30.
muCitt 1
deltat .02

coment Define Computational Grid
DXDSB 0.25
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NZADIT 17
IMADMB 18

NTADWT 18
NUTADB 14
NZADOU 11
NZTAIL 45

comment define the plasma environment
VXACH 0.0 0.0 6.7
RATIH 10.0
DENS 3.55e9

_ U TEZP 0.2
DEN2 6.035
TEMP2 8.0E3
GAUCO 4.0e4
SMUT 2.434
DELTA 1.634
POWCO 3.0ll
PALPHA 1.1
PCUTL 50.0
PCDTH 1.6E6

Comment solar arrays not biased in the dark
cont BIAS 2 4.6
comment BIAS 3 9.2
comment BIAS 4 13.7
comment BIAS 5 18.3
comment BIAS 6 22.8
comment BIAS 7 27.4
comment BIAS 8 32.0
comment Iterate on the analytical modules

what
PWAMO
CURiON
endrun

nterak Continuation Run Standard Input Polar Orbiting Spacecraft-DMSP

ISTART cant
comment Choose Physical Models to be used.

IGICAL no
comment Redefine Algorithm parameters

deltat .02
Comment physics modules

NUAT
LOOP 5 PUABON CURRiU CHARGM
endrun

nterak Second Continuaton Run Standard Input Polar Orbiting Spacecraft-DMSP

comment Redefiaie Algorithm parameters
maxitt 2
deltat .05

comment physics modules
what
LOOP 10 PWASON CURPUN CHARGE
endrun
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nterak Third Continuation Run Standard Input Polar Orbiting Spacecraft-DMSP

comment Redefine Algorithm parameters
deltat .05

comment physics modules
what
LOOP 10 PHASOM CORREN CHARGE
endrun

nterak Fourth Continuation Run Standard Input Polar Orbiting Spacecraft-DMSP

coment Redefine Algorithm parameters
deltat .1

comment physics modules
what
LOOP 10 PWASON CURREN CHARGE
endrun

nterak Fifth Continuation Run Standard Input Polar Orbiting Spacecraft-DMSP

comment Redefine Algorithm parameters
deltat .2

comment physics modules
what
LOOP 10 PWASON CURREN CHARGE
endrun

trmtlk Execution Polar Orbiting Spacecraft-DMSP

The program trmtlk was used to examine the potentials reached and the time variation
of the surface potentials. A group of surface cells is defined for each of the materials. The
final potentials for each of the groups is requested. A history of the potential over time for
a selection of cells (including one at ground potential) is requested. The selection was
chosen to represent the range of potentials for each material. The single module is used to
examine the selected cells in more detail. The time history of potentials on selected
surfaces is shown in Figure 38.

Welcome to POLAR 1.3 TRMTLK ...

Any AID may be called from any MODULE

MODULES AIDS

HISTORY AGAIN
LATEST HELP
SINGLE LOCATION #
SPECIAL OUTLINE

SUBSET
EXIT

TIBH!F.T [GROUP NAME]

Enter any MODULE/AID nwrL- or 'HELP' for help -- subset npaint
DEFINITION OF NEW SUBSET NAMED NPAI
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683 REMAINING IN GROUP

SUBSET command please >> mati npaint
130 REMAINING IN GROUP

SUBSET command please >> normal -1 1 0
96 REMAINING IN GROUP

SUBSET command please >> done
GROUP NPAI WITH 96 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP, for help >> subset npa2
DEFINITION OF NEW SUBSET NAMED NPA2

683 REMAINING IN GROUP

SUBSET command please >> coapi npaint
587 REMAINING IN GROUP

SUBSET command please >> natil n•aint
34 REMAINING IN GROUP

SUBSET command please >> done
GROUP NPA2 WITH 34 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset gold
DEFINITION OF NEW SUBSET NAMED GOLD

683 REMAINING IN GROUP

SUBSET command please >> matl gold
9 REMAINING IN GROUP

SUBSET command please >> done
GROUP GOLD WITH 9 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset solar
DEFINITION OF NEW SUBSET NAMED SOLA

683 REMAINING IN GROUP

SUBSET command please >> matl solar
88 REMAINING IN GROUP

SUBSET command please >> normal 1 -. 0
88 REMAINING IN GROUP

SUBSET command please >> done
GROUP SOLA WITH 88 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset opaint
DEFINITION OF NEW SUBSET NAMED CPAI

683 REMAINING IN GROUP

SUBSET command please >> atl Vpaint
36 REMAINING IN GROUP

SUBSET command please >> done
GROUP CPAI WITH 36 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset teflon
DEFINITION OF NEW SUBSET NAMED TEFL
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683 REMAINING IN GROUP

SUBSET command please >> matl teflon
268 REMAINING IN GROUP

SUBSET command please >> done
GROUP TEFL WITH 268 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset aq~udg
DEFINITION OF NEW SUBSET NAMED AQUA

683 REMAINING IN GROUP

SUBSET command please >> matl aquadg
4 REMAINING IN GROUP

SUBSET command please >> done
GROUP AQUA WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN-

Enter any MODULE/AID name or 'HELP' for help >> subset kapton
DEFINITION OF NEW SUBSET NAMED KAPT

683 REMAINING IN GROUP

SUBSET command please >> matl kapton
123 REMAINING IN GROUP

SUBSET command please >> done
GROUP KAPT WITH 123 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset alum
DEFINITION OF NEW SUBSET NAMED ALUM

683 REMAINING IN GROUP

SUBSET command please >> matl alum
16 REMAINING IN GROUP

SUBSET command please - done
GROUP ALUM WITH 16 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

"Enter any MODULE/AID name or 'HELP' for help >> latest

LATEST command or MODE set > magnitude
MODE RESET

LATEST command or MODE set >> group apaint
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME = 1.41E+01 SEC
647-1.15E+00 659-2.01E÷00 649-5.07E+01 8-5.13E+01 10-9.02E÷01
511-9.53E+01 651-9.883E01 585-1.15E÷02 581-1.18E+02 635-1.19E+02
661-1.44E÷02 657-1.55E÷02 4-1.688+02 633-1.713E02 645-1.77E÷02
105-1.80E÷02 99-1.98E÷02 60-2.05E+02 503-2.09E+02 2-2.31E÷02

6-2,36E÷02 14-2.4)E÷02 46-2.46E÷02 663-2.59E÷02 637-3.09E÷02
109-3.12E÷02 16-3.25E+02 52-3.43E+02 181-3.53E÷02 56-3.64E÷02
54-3.73E÷02 173-3.96E+02 22-4.31E÷02 40-4.34E÷02 26-4.53E.02

249-4.68E÷02 257-4,70E÷02 577-4.81E+02 97-4.82E÷02 38-4.83E+02
20-5.01E÷02 50-5.0JE+02 34-5.05E+02 28-5.16E+02 18-5.27E902
48-5.29E÷02 325-5.35E÷02 185-5.44E÷02 499-5.56E+02 404-5.64E+02
12-5.93E.02 333-5.97E+02 416-6.02E+02 64-6.14E+02 493-6.20E+02
36-6.24E+02 412-6.30E+02 44-6.31E÷02 402-6.35E+02 42-6.38E+02
24-6.49E+02 261-6.53E+02 491-6.64E+02 631-6.72E+02 323-6.85E+02

337-6.94E302 422-7.0"E.02 655 7.09E402 95-7.20E+02 117-7.57E302
643-7.61E÷02 30-7,70E+02 32-8.01E÷02 5'15-8.152+02 341-8.18E÷02
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247-8.18E+02 265-8.26E+02 171-8.32E+02 573-8.32E+02 629-8.83E+02
191-8.99E+02 669-9.32E+02 671-1.008.03 321-1.04E+03 169-1.05E+03
245-1.06E+03 667-1,06E+03 400-1.11E+03 489-1.13E.03 673-1.14E+03
675-1.18E+03 653-1.19E+03 641-1.20E.03 571-1.20E+03 627-1.22E.03
665-1.29E+03 0 0.00E+00 0 O.OOE.O0 0 0.O0E+00 0 0.008+00

LATEST command or MODE set >> group np&2
POTL IN VOLTS FOR POLAR CYCLE 57 .. TIME = 1.41E+01 SEC
366-1.06E.00 453-1.13E.00 451-1.38E.00 364-1.40E+00 536-1.43E+00
286-1.44E+00 291-2.04E+01 533-2.57E+01 445-3.29E.01 542-6.84E.01
282-1.14E+02 449-1.23E.02 442-1.44E+02 544-1.81E.02 437-2.76E.02
279-3.14E.02 440-3.19E+02 277-3.73E+02 209-4.37E+02 211-4.62E.02
207-4.65E.02 353-4.71E+02 147-4,82E.02 275-4.84E+02 219-4.85E+02
351-4.88E+02 356-4.95E+02 205-4.97E+02 133-5.14E.02 137-5.61E.02
135-5.62E+02 214-5.79E.02 139-6.12E+02 142-7.49E+02 0 0.OOE.00

LATEST command or MODE set >> group gold
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME = 1.41E+01 SEC

5-2.32E.02 53-3.07E+02 31-3.57E+02 630-3.60E.02 498-4,30E+02
658-4.73E+02 617-4.73E+02 324-5.05E+02 180-5.06E+02 0 0.008+00

LATEST command or MODE set >> group solar
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME = 1.41E+01 SEC
403 1.53Ei-00 570-8.26E-01 244-1.09E+00 11-1.12E+00 25-1.15E+00
63-1.16E+00 488-1.21E+00 116-1.25E+00 399-1.26E+00 19-1.26E+00
17-1.38E+00 320-1.41E+00 37-1.528+00 29-1.538+00 640-1.53E+00

626-1.56E+00 168-1.728+00 190-1.828+00 3-2.60E+00 652-3,50E+00
23-3.50E+00 664-4.10E+00 264-7.25E+00 1-1.28E401 94-1.35E+01
9-1.378+01 47-1.70E+01 35-2.43E+01 340-2,79E+01 98-3.10E+01

49-3.41E+01 248-6.47E+01 332-9.02E+01. 43-1.13E+02 256-1.14E+02
668-1.228+02 672-1.258+02 492-1.30E.02 421-1.36E+02 411-1.37E+02
574-1.498+02 670-1,54E+02 104-1.598+02 644-1,61E+02 172-1,80E+02
41-1.888+02 666-2,028+02 634-2.03E+02 39-2.03E+02 648-2.09E+02

674-2.31E.02 580-2.358+02 502-2.378+02 55-2,588+02 576-2.66E+02
415-2.90E+02 21-2.97E+02 322-2.98E.02 660-3.02E+02 656-3.058+02
33-3.21E+02 336-3.22E+02 260-3.368+02 27-3,37E.02 108-3.478+02

646-3.578.02 632-3,67E+02 510-3.808+02 184-3.848+02 15-4.04E+02
401-4.04E+02 96-4.07E+02 246-4.09E+02 13-4.10E.021 45-4.15E+02
662-4.208.02 616-4.348+02 628-4,44E+02 650-4.4784W02 642-4.64E+02
59-4.93E+02 51-4.95E+02 584.4.96E+02 490-5.09H40% 170-5,11E.02

572-5.14E+02 61)4-5.27E+02 7-7.22E+02 0 0,008.00 0 0.008.00

LATEST co~mmand or MODE Set >) group opaint.
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME a 1.41E+01 SEC
589-4.73E+02 586-4.73E+02 519-4.73E+02 517-4.73E+02 515-4,73E+02
514-4.73E+02 513-4.73E+02 512-4.73E+02 509-4.73E+02 507-4,73E+02
505-4.73E.02 504-4.73E.02 427-4.73E+02 425-4,73E+02 424-4.73E+02
423-4,73E+02 419-4.73E+02 417-4.73E+02 196-4.73E+02 194-4.73E+02
193-4.738+02 192-4.73E+02 188-4.73E.02 186-4.73E.02 125-4.73E+02
123-4.73E+02 121-4.73E+02 120-4.73E+02 119-4,73E.02 118-4.73E.02
115-4.73E.02 113-4.73E+02 111-4.73E+02 110-4.7)E.02 68-4.73E.02
65-4.73E+02 0 0.008+00 0 0,008+00 0 0.008+00 0 0.00E+00

LATEST coimiind or MODE set >> group teflon
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME - 1.41E+01 SEC
616-5.71E-01 305-9.45E-01 555-1.038.00 461-1.038+00 563-1.038.00
372-1.04E.00 388-1.06E+00 587-1.26E+00 309-1,28E+00 91-1.308+00
157-1,35E+00 313-1.35E+00 299-1,38E+00 548-1.488.00 389-1.49E+00
314-1.50E+00 568-1.53E+00 582-1.558.00 567-1.688.00) 267-1,78E+00
234-1.78E+00 379-1.79E+00 622-1.97E.00 526-3.188.00 381-3.47E.00
621-4.57E+00 93-4.66E+00 240-5.478+00 554-6.058.00 261-6.198.00
386-6.42E+00 460-1.01E.01 471l-1,02E.01 471-1.07E*01 38341.11E.01
475-1.238+01 57-1.34E.01 197-1.448+01 472-2.04R.01 106-2.708.01
241-2.95E.01 189-3.498+01 590-1.596+01 480-3.68E#01 374-S.368.01
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58-5.93E+01 269-5.94E+01 165-6.46E÷01 90-6.93E+01 62-7.39E÷01
384-8.37E+01 74-9.35E+01 541-9.44E÷01 69-9.73E+01 177-1.09E÷02
158-1.18E÷02 70-1.18E+02 61-1.26E÷02 92-1.33E÷02 327-1.51E÷02
66-1.61E÷02 466-1.63E+02 164-1.68E+02 588-1.75E÷02 431-1.75E+02
67-1.77E+02 235-1.79E+02 107-1.79E+02 524-1.81E÷02 569-1.84E÷02

343-1.95E+02 516-1.97E÷02 408-2.01E+02 161-2.05E÷02 231-2.05E+02
149-2.06E+02 127-2.11E+02 251-2.18E+02 112-2.23E+02 198-2.23E+02
187-2.28E÷02 482-2.41E÷02 203-2.45E+02 566-2.60E÷02 182-2.61E+02
595-2.61E÷02 160-2.78E÷02 71-2.78E÷02 73-2.79E÷02 525-2.81E+02
274-2.83E÷02 382-2.9,,E+02 312-2.94E+02 521-2.95E+02 592-3.01E÷02
363-3.01E÷02 396-3.07E+02 319-3.07E÷02 308-3.11E÷02 254-3.15E+02
506-3.16E÷02 500-3.16E÷02 124-3.20E+02 262-3.23E+02 591-3.29E÷02
232-3.31E÷02 183-3.32E÷02 434-3.39E÷02 578-3.48E+02 527-3.58E÷02
428-3.62E+02 199-3.71E+02 201-3.82E+02 176-3.93E÷02 522-3.93E+02
122-4.01E÷02 430-4.05E÷02 72-4.10E÷02 200-4.17E+02 167-4.17E+02
625-4.20E÷02 204-4.21E÷02 195-4.22E+02 228-4.27E÷02 594-4.30E÷+2
242-4.31E+02 266-4.33E+02 398-4.56E+02 518-4.58E+02 565-4.61E+02
338-4.63E+02 345-4.66E+02 237-4.68E+02 131-4.69E+02 495-4.69E+02
128-4.72E÷02 221-4.73E÷02 330-4.73E+02 238-4.74E+02 258-4.81E+02
344-4.84E÷02 494-4.85E÷02 413-5.01E+02 326-5.03E+02 487-5.16E+02
202-5.19E÷02 593-5.19E*02 243-5.24E202 346-5.24E+02 405-5.31E+02
315-5.34E÷02 270-5.35E+02 334-5.37E÷02 178-5.39E.02 429-5.43E+02
339-5.44E÷02 162-5.45E÷02 470-5.45E+02 166-5.50E÷02 268-5.51E+02
159-5.56E+02 477-5.60E÷02 583-5.68E÷02 407-5,71E+02 432-5,77E+02
114-5.89E÷02 478-5,95E+02 179-5.98E+02 391-5.98E÷02 318-6.02E+02
126-6.02E+02 129-6.05E+02 293-6.13E÷02 132-6.14E.02 255-6.24E+02
624-6.31E+02 273-6.33E+02 342-6.40E+02 130-6,41E+02 406-6,44E+02
236-6.46E.02 272-6.60E+02 496-6.60E+02 458-6.76E+02 348-6.79E+02
271-6.84E+02 467-6.88E+02 485-6.97E+02 520-6.98E+02 347-6.98E+02
163-7.00E+02 623-7.01E.02 463-7.35E+02 564-7.36E+02 174-7.41E+02
433-7,SE+02 317-7.53E÷02 409-7.74E+02 239-7.836+02 250-7.872E02
418-8.12E÷02 556-8.17E*02 393-8.18E*02 369-8.19E+02 233-8.23E+02
100-8,38E÷02 331-8.49E.02 259-8.50E÷02 426-8,55E+02 380-8.56E÷02
392-8.62E÷02 474-8.65E+02 230-8.69E÷02 371-8.73E+02 481-8.742#02
579-8.77E+02 479-8,94E202 484-9,02E+02 618-9.11E+02 316-9,18E+02
638-9.33E+02 497-9.43E+02 414-9.71E+02 620-1.01E÷03 304-1.022+03
103-1,03E+03 420-1.04E÷03 639-1.05E+0lO 306-1.06E+03 483-1,07E+03
550-1.09E+03 301-1.11E+03 335-1.11E203 553-1.13E503 557-1,14E+03
558-1.14E+03 501-1.15E+03 175-1,15E÷03 435-.,152.03 310-1.16E÷03
410-1.19E103 350-1.20E+03 349-1.21E+03 152-1.32E+03 101-1.34E+03
562-1.36E+03 102-1,37E+03 307-1.41E+03 311-1.43E÷03 615-1.56E÷03
560-1,59E203 150t,1.65E+03 294-1.66E.03 395-1.7RE+0j 504-1.R3E203
390-1,83]E03 296-1.46E÷03 55S-1.89E÷03 614-1.97E+C3 298-2.12E+03
395-2,38$E03 223-2.398,03 394-2.43E+03 154-2.68E+03 155-2,718.03
226-2.83E+03 561-2,872.03 225-3.37E+03 0 0.OOE+00 0 0.00.E00

LATEST command or MODE aet >) grop lauadg
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME w 1,41E.01 SEC
329-4,73E202 328-4,73E*02 253-4.73E*02 252-4.732.02 0 0.00Z+00

LATEST command or MODE set 3o gwztp kapton
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME m 1.41E+01 SEC
545-1,03E+00 543-1,04E+00 373-1,070#00 613-1.07E+00 537-1.10E200
539-1,10E÷00 534-1.252E00 R9-1,32n÷00 285-1,41E.00 547-1,46E.00
284-1,46E.00 529-1.55E*00 531-1.57E÷00 450-3.23)E00 86-4,29E*00
599-1.248*01 80-1,44E*01 88-1.53E÷01 441-2.76E#01 84-3,5E101
220-4.45E÷01 148-5,40L#01 462-7.37E*01 289-i.011.02 292-1.22E+02
215-1,34E÷02 610-1.668.02 455-1,77E102 607-1,77P+02 210-1,3.E02
145-1.99E÷02 549-2,11K*02 606-2.30E202 156-2.44E.02 76-2.462.02
612-2.4RE.02 596-2.49E#02 297-2.S2E+02 83-2.SiE÷02 608-2.6RE*02
465-2,75E202 469-2.17E*02 464-2.R3E÷02 79-2.959.02 77-3,0.)E+02
281-3.05E.02 81-3.098*02 206-3,18.E02 375-3.2JE+02 376'3.29E÷02
140-3.48E+02 138-I.S4E.02 144-1.56E.02 530-3,649+02 136-3.71E.02
243-1.79E.02 a5-3,9%K*02 75-4.06E*02 438-4.122.02 143-4.309.02
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216-4.37E+02 278-4.58E+02 459-4.73E.02 280-4.96E+02 532-5.06E÷02
535-5.12E+02 290-5.37E.02 276-5.40E÷02 448-5.43E+02 370-5.54E+02
134-5.64E÷02 609-5.81E+02 303-6.07E+02 604-6.17E+02 528-6.17E+02
377-6.26E÷02 288-6.278+02 552-6.37E÷02 546-6.48E+02 360-6.62E+02
457-7.27E+02 300-7.558+02 523-7.62E+02 436-7.66E+02 358-7.72E÷02
213-7.74E+02 600-7.84E+02 597-7.85E.02 146-7.85.E02 368-7.86E+02
218-7.89E+02 454-8.20E+02 598-8.26E.02 603-8.26E+02 540-8.40E+02
551-8.40E+02 468-8.52E+02 302-8.60E+02 538-8.67E+02 439-8.75E+02
602-8.86E+02 229-9.10E+02 355-9.36E÷02 378-9.48E+02 141-9.48E-+02
456-9.51E+02 362-9.63E+02 447-1.13E÷03 444-1.15E+03 367-1.16E+03
227-1.21E÷03 151-1.22E÷01 334-1.26E+03 352-1.26E*03 359-1.27E÷03
357-1.27E.03 361-1.299+03 365-1.43E+03 297-1.49E*03 295-1.66E.03
153-1.94E+03 222-2.22E÷03 224-2.80E÷03 0 0 00E*00 0 0.00+E00

LATEST command or MODE set >> gzoup alum
POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME = 1.41E+01 SEC
611-4.73E802 605-4.73E802 601-4.73E+02 486-4.73E+02 416-4.73E+02
452-4.73E÷02 446-4.73E+02 441-4.738E02 397-4.73E.02 381-4.739+02
217-4.73E+02 212-4.73E+02 208-4.73E÷02 87-4.73E+02 82-4.73E802
78-4.73E802 0 0.004E00 0 0.008E0(c 0 0.O0E÷00 0 0.004E00

LATEST €comanzd or MODE set >> single

SINGLE coumand or MODE set >> every W ng
NODE RESET

SINGLE comand or MODE set > 647

SURFACE NO. 647 CKNTERED AT 10.50 8,50 15.50
MATERIAL IS NPAI NORMAL is -1 1 0
SHAPE IS RECTANGLE SURFACE AREA a 8,8388E-02 M402

POTENTIAL a -1,15138.00 VOLTS
UNDERLYING CONDUCTOR NUMBER IS 1
UNDERLYING CONDtICTOR POTENTIAL a -4.7339E*02 VOLTS
DELTA V * 3.5868E*02 VOLTS
IThERNAL FIELD STRESS * 2.8694E#06 VOLTSIMEM
EXfRNAL ELECTRIC FIELD m 6,3047.*03 VOLTS/HEIR

FLUXES IN ANPS/N5¶1*62
INCIDENT ELCT"RONS -1,59721-05

RESULTING SICONDARIES 3.86303-06
RESULTING SACKSCATTER 1.70733-06

INCIDENT TONS 1?17713-05
RESULTING SECONAIES .00951-08

8U"K CONDUC'TIVITY 1.69293-07
MOPPING CURRIET 0,0000c.00
INOTOMCRNT 0.00006.00

TO)TAL FLUX "flROUGH SURFACE 1,3790-06

SING command or MODE S.c 3 665

MSARFACE NO. 665 CENTZRJE AT 7,.50 $.0 17,50
MATERIAL IS NPAI NORMAL is -1 1 0
SHAPE is RECTANGLE SURFACE AREA is .9.)888-02 9152

POT3•IAL t -1.2890.*03 VOLTS
*UDLYING CXWUXXV= NUMBER IS I
UNDERLYITA C ONICTW h. OTMIAL - '4.7139E02 VOLT5
DILTA V d -0. 15•T7602 VOL.S
INTERNAL VIEWL STR•S• -6.5240E*06 VOLTSIMETER
EXTUPNAL, WACWIC PIEW. * -1.6220C.04 VOL"IS/MTER

FLUXS IN ANPSIKEI° *2
INCIDENT ELEaIto -1.45662-05
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RESULTING SECONDARIES 2.9852E-06
RESULTING BACKSCATFER 1.5132E-06

INCIDENT IONS 6.4632E-06
RESULTING SECONDARIES 7. 6054E-07

BULK CONDUCTIVITY -3.8495E-07
HOPPING CURRENT 0.0000E-00
PHOTOCURRENT 0. 0000E+00

TOTAL FLUX THROUGH SURFACE -2.8438E-06

SINGLE command or MODE set -, 403

SURFACE NO. 403 CENTERED AT 9.50 7.50 11.50
MATERIAL IS SOLA NORMAL IS 1 -1 0
SHAPE IS RECTANGLE SURFACE AREA - 8.83885-02 f*l2

POTENTIAL = 1.5329E800 VOLTS
UNDERLYING CONDUCTOR NUMBER IS 1
UNDERLYING CONDUCTOR POTEWIIAL - -4,7339.*02 VOLTS
DELTA V = 5.0628Ee02 VOLTS
INTERNAL FISLD STRESS - 1.13135.06 VOLTS/METE
EXTERNAL ELECTRIC FIELD a 4,78995.03 VOLTS)METU

FLUXES IN AMPSIMETER"2
INCIDWELT C S -, 58288-05

ROSULTING SECONDARIES I. 5728-06
RESULTING BACKSCA¶TER 2, .7565E- 06

INCIDnT IOcs 9.98H1E-06
RESULTINGS ECOW•AZS 1,02638' 08

BULK CGWDUCTI VIT 6,67509-0R
HOPPING CURER O. 0,0000*00
PIIOTOCLART 0.0000.00

TOTAL FLUX THROUGH SR1FACS 4,9336E=07

SINGOL coinlwWd or MOD toet 7 7

SuFrACu NO. 7 CUMMR AT 1050 8,s 0 2 50
nATnnAL IS SOLA NOAMAL is 1 -1 0
SHAPE is RECAN=L SwlAct AREA * 0.83846-02 N4,1

POTNTIAL to -7,22363.02 VOLTS
UNDLING COIUCTOR MA•ERA Ls

I'TA V ,-4.9,023.02 VOLTS
pNTRNA P13W EfES 1a.09613.06 VOLttINtSa

ExtERNAL ELCtIxc view * 1 06#65.04 vO~lSN5m
FLXSin AMPSIMSER2

INCIOSIT £CI•I~•Tt40001.

RESU~t • "LTNG KCOSOAAIU -J. 4fl00t-O

ReSULflNG UACESCAITTI 2.06U-44&
, cxomtanon w.0009s04

RtWLfl*I ! gwo S Z 99293007 4

00PPING CIIRRewf 0,00u00300

TotAL FLU ""I"tK SURACE 42100it06

SINGL cofumnd ar #W&C 40t *I, III$

SLJPAC3H o. 616 CETVDT 7.3 21.61 1;3lo
PMMtIAL IS TtVL IA3NNA IS1 0 0 1
SHAPt IS p14)1 "LIAW"L SZAWACC AREA 3 .12509-02 f"*2
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POTENTIAL z -5.7084E-01 VOLTS
UNDERLYING CONDUCTOR NUMBER IS 1
UNDERLYING CONDUCTOR POTENTIAL = -4.7339E*02 VOLTS
DELTA V = 4.7282E*02 VOLTS
INTERNAL FIELD STRESS = 1.4R92E*06 VOLTS/MHT.R
EXTERNAL ELECTRIC FIELD = 5.0770E*04 VOLTS/METER

FLUXES IN ANPS/METERO"2
INCIDENT ELECTRONS -i.8100E-05

RESULTING SECONDARIES 3.6153E-06
RESULTING BACKSCATTER 2. 1799E-06

INCIDENT IONS 2.1113E-05
RESULTING SECONDARIES O.OOOOE.00

BULK CONDUCTIVITY 8.7862E-08
HOPPING CURRENT 0.0000EE00
PHOTOCURRENT 0. 0000E*00

TOTAL FLUX THROUGH SURFACE 8.8078E-06

SINGLE commanl or MOM set to 32s

SVRFACE NO. 225 CV&TERED AT 6.10 23.00 R.50
MATERIAL IS TEFL 1ISMAL Is 0 .1 0
SHAPE IS SQUARE SURFACE AREA 6 AtSOE-0 M-0 2

FPOTMIIAL a -3.37403*03 VOLTS
WIDRLING3 CONMC RMiER Is I

RMLY I•l CONDUCTR tOTINTIAL --4,73395*02 VLTS
DELTA V -2,30061.*03 VOLTS
INTENAL FILD STRESS a -9.13, 8*06 VOLTSfHZ16R

EXTEMAL L RIC fVEW w -3.4)109.04 VOLTSIMLIUE
ABUES IN AKPSNIM TU2

RESLTNGSuCONDARIs 2. 202)E-06
RV&ULTIRG SACMSAITh 1172151.-06

lIwCIDET xINS 2I57701-06
REsuLTUO SICoNDAAII 610 026-01

w •s.CUCTIVITV -$ 3,90I-0"
HOPPIN CtMO*t 0.00001.00PNXCURW0.+00001,O0

TOTAL FLuw TWI~tM tMV C SU10R0

SINU=L cota ac HOGS us4

SWRAME W. ¶4S catTEC Ait 'I Q f1 12A10
HAbUIAL H9 M" ~ tIOUi it 1 0 1
vant IS ntoati c4vACt ANCA 0- u4414412 W-2

QOUiWrXA. * 'A.O1 l'0t'00 VOtS'
eatviia toenrt A raf is A.

b *TR V c 4.123$4UM VOL1TV

EZSA CCRC fItsI• • 4. *2111P,,) V0OL+TS•flf

MA=-Z IN ANWISin 4t3.
flcttor ktucttoPIS ~ 1.6it0

* RSMD'U0RALtScAuI¶S 1. 1) J4-09a•t.~tfMo smn iaa I.133.L61-[Om•

NoPPW CEwtR 0. 0060fOV0a



TOTAL FLUX THROUGH SURFACE 3.38862-06

SINGLE ctccmuad or MODE set :,> 324

SURFACE NO. 224 CENTERED AT 6.50 22.00 8.50
MATERIAL IS KAPT NORMAL IS 0 1 0
SHAPE IS SQUARE SURFACE AREA = 6.25008-02 M12

POTENTIAL - -2.7976E*03 VOLTS
UNDERLYING CONDUCTOR NUMBER IS 1
UNDERLYING CONDUCTOR POTEWrIAL, - -4.73392.02 VOLTS
DELTA V = -2..3242E'03 VOLTS
INTERNAL FIELD STRESS m-7.32042.06 VOLTS/KMUR
EXTERNAL ELECTIC FIELD a -1.99085.04 VOLTS/METER

FLUXS IN AMPS/HETE~n
INCIOC4T ELECTRONS -1-3479a-05

RESULTING SECONDARIES 1 .2697E-06
RESULTING4 BA.CKSCA'IT 1,37035-06

INCIDEM 10ow$ 3.47946-06
RESULTING SECOSDAAIES 7155952-07

SULK CONDUCTIVITY -4.1190B-07
HOPPING CURRENT 0.00008.00

TOTAL FLUX THROUGH SURFACE -6.S952-06

SUCLS cceua4 or N=6 4*t %x bistogy

HISTORY comn4I Or HOVE cot 0; -1.147.US.4@3*T

0hm to Volts

TIMEt 4 4 466 404

0.A900O t I OW1 030039*l00-1. .01E00-I .M-0)- 1,0JR.00

0,I -2o -. eso- jf,2 4Ol. #2S. 1ttt0121 , 9t.02t.I 11t#4.0

i At-OX-U-2- k.tS 24%trM 007tS21 41.,t.*0- .ti0t.0a



3.3E.00:-4.86S.02-4.462.02-7.83E.02-2.575.02-2.37E.02
3.72.00:-5.10E.02-3,942.02-8.32E.02-2.175.02-2.46E.O2
4.1E.00:-4.875*i02-4.24E,02-8.39E.02-2.865.C2-2.9BE.O2
4.52.00:-5.05E.O2-3.675.02-8.I0E.02-2.39E.02-3.09E.02
4.95.0O:-4.785.02-3.792.O2--8.845.02-3.20E.02-3.57E.02
5.35*00: -4.955.02-3.222.02-9.13E.02-2.655.02-3.-922.02
5.72*0:t-4.71E'02-3.1S2'*02-9.19E.02-3,i7E*02-4.28E*02
6.1&t00:-4.8754&02-.2.702.02-9.492.02--2.32E*02-4.71E.O2
6.Si.00:-4.69E.02-2.68E.02-9.555.02-2.67E.02-4.96E*02
6.95.00: -4.795.02-2. 192.02-9.875.02-2. 152.02-5.23E*02

4 7.35.00:-4.655.02-1.818.02-9.98E.02-2.272.02-5.62E.0-2
7.72400: -4.735'O2-1 .422.02-1 .022.03-2.065.02-5.67E.02
8.15.00:-4.66E*02-1.06E.02' 1.04E.03-2.092.02-5.76E.02
8.IS.00:-4.6142.02-7.07E.01-10O65.03-1.758.02-S.69E*02ý
8.95t00z,-4.625*0Z-4.042t01-1.ORK*03-1.645*02-5.8SE*02
9.32.00:-4.715.02-1.502.O1-1.108.03-1.265.02-6.lG6t*02
9.75.00:-4.60E.02-4.832.00-1,12S.03-1.422.02-EK 305.02
1.05.01:'-4.77E.*02-1,602.0Q-1. 155.03-9.922.01-6.425.02

1. 1M01 -4.7U4.02- I7.011204 9*16250

1.1K01:-.4t522-.34500-12054-6,95.O)4.29.02

PM nuora" TMN in s~ocwwb

ip weas 4 4! 4 $ 4Ai

* 4

ru in 4 . . .



TIME 616 225 545 224

#1 #2 *3 #4 #5 #6 #
o .OE+OO: -1. OJE+OO-1 .03E+OO-l .03E+OO-1.03E+OO
2. OE-02: -5. 72E+0 1.-5 .72E+O1-5 .70E+O1-S. 70E+O1
4 .OE-02: -1. 15E+02-1. 16E+02-1. 15E+02-l. 15E+02
6. OE-02: -1. 68E.02-1 .74E+02-1. 74E+02-1. 74E+02
8. OE-02:-2. 14E+02-2 .32E+02-2 .32E+02-2 .32E+02

1. OE-Ol:-2. 52E+02-2. 89E+02-2 .85E+02-2 .88E+02
1. 2E-O1: -2. 80E+02-3 .40E+02-3 .31E+02-3 .39E+02

2.2E-01:-2.75E4-02-4.34E+02-3.75E.02-4.26E+02
3. 2E-O1: -2. 47E.02-5. lOE 02-3. 84E+02-4 .90E+02
4. 2E-O1: -1. 94E+02-5. 61E+02-3 .52E+02-5 .24E+02
5. 2E-O1: -1. 47E+02-6. 12E+02-3 .19E+02-5 .56E+02
6. 2E-O1: -8. 31E+O1-6 .45E+02-2 .67E+02-5. 69E+02
7. 2E-O1: -3. 54E+O1-6 .84E+02-2 .24E+02-5. 89E+02
8 .2E-O1: -5. 81E+OO-7 .15E+02-1 .78E+02-6 .03E+02

9.ZE-Ol: -2. 19E+OO-7 .59E+02-1. 59E+02-6. 34E+02
1. OE+00: -1. 80E+O0-7. 90E+02-1. 22E+02-6. 54E+02
1. 1E+00: -1. 68E+00-8. 46E+02-1. 18E+e02-7 . 1E+02
1. 2E+00: -1. 48E+OO-8. 78E.02-8 .95E+O1-7 .22E+02
1.3E+00:-1.46E.0O-9.39E+02-8.86E+01-7.75E.02
1. 4E+0O: -1. 35E.'.O-9. 70E+02-6 .03E+O1-7 .96E+02
1. 5E+OO: -1. 33E+OO-1 .03E+03-5 .28E+O1-8 .44E+02

1.6E+00:-1.26E+0O-1.06E+03-2.92E.O1-8.67E.02
1.7E+OO:-1.24E+0O-1.11E+03-2.04E.01-9.12E+02
1.8E+00:-1.18E.OO-1.14E.03-4.99E+O0-9.34E+02
1.9E+00:-1.17E+00-1.20E+03-2.51E+OO-9.81E+02
2.OE+OO:-1.13E+OO-1.23E+03-1.99E+0O-9.99E+02
2.lE+0O:-1.12E+00-1.28E+03-1.89E+OO-1.04E+03
2.5E+OO:-1.10E.O0-1.36E+03-1.61Ee.OO-1.1OE+03
2.9E+OO:-1.08E+O0-1.44E+03-1.49E.0O-1.18E+03
3.3E.O0:-1.07E.0O-1.51E+03-1.35E+O0-1.24E+03
3. 7E+O0: -1. 06E+O0-1. 59E+03-1 .28E+00- . 32E+03
4.1E*O0:-i.05E+OO-1.66E+03-1.21E+OO-1ý.37E+03
4.SE.O0:-1.04E+0O-1.74E+03-1.17E+0O-1.45E+03
4. 9E+OO: -1. 04E+OO-1. 81E+03-1. 14E+OO-1. 50E+03
5,.3E.OO:-1.04E+OO-1.89E+03-1.12E+OO-1.57E+O3
5.7E.OO:-1.04E+OO-1.95E.03-1.1OE.OO-1.62E+03
6.AE+OO:-1.03E.OO-2.03E+03-1.09E+0O-1.69E+03
6. 5.E.O: -1. 03E.OO-2. 1OE+03-1 . OE+OO-1 .73E*03
6. 9E+OO: -1. 03E+OO-2. 18E+03-1 .08E.OO-1. 80E+03
7.3E.OO:-1.03E+OO-2.25E+03-1.O7E+OO-1.84E403
7.7E+0O: -1. 03E+OO-2 .32E+03-1. 06E+OO-1. 91E+03
8.1E+OO: -1. OJE+OO-2 .39E+03-1. 06E+OO-1. 96E+03
8.5E.0O:-1.O32+OO-2.45E+O3-1.O5E+OO-2.O2E+O3
8.9E+OO:-1.03E+OO-2.52E+03-1.05E+OO-2.07E+03
9.3E+OO:-1.03E+OO-2.59E+03-1.05E.OO-2.13E+03
9. 7E+OO: -1. OJE.OO-2 .65E+03-1. 04E+O0-2 .18E+03
1.OE+01:-1.O3E+OO-2.73E+O3-1,O4E+OO-2.24E*O3
1.lE+01:-1.03E+OO-2.80E+03-1.04E+OO-2.30E+03
1.1E+O1:-1.03E+OO-2.86E+03-1.04E+OO-2.36E+03
1.lE.O1:-1.03E+OO-2.93E+03-1.04E.OO-2.41E+03
1.2E+O1:-1.03E+OO-2.99E.O3-1.O4E+OO-2.47E+O3
1.2E+O1:-9.25E-O1-3.05E.03-1.04E+OO-2.52E+03
1.3E+O1:-8.27E-O1-3. 12E.03-1.04E4.OO-2.59E403
1.3E+01:-7.59E-O1-3.17E.03-1,03E.OO-2.63E+03
1. 3E4O1:-6. 90E-O1-3 .24E+0i-1.03E+OO-2. 69E+03
1.4E+01:-6.31E-O1-3.JOE+03-1.03E.OO-2.73E+03
1.4EO1:-5.71E-01-3.37E+03-1.03E.OO-2.80E+03

POTL versus TIME in Seconds

4 1. 1333 ..
4 1 1333
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HISTORY command or MODE set >> exit

shontl Interactive Session Polar Orbiting Spacecraft-DMSP

The program shontl was used to create Figures 39. Note that the sheath potential is
-0.40393.

t*POt.h'R 1.3 PLOTTER(SHONTL)k]
IBIAGS(3) defaulted to 1
BIAGS(3) a 0 »> no magnetic limiting in electron presheath
BIAGS(3) > 0 >> FLX = (0.1 + 0.9*Area(DOT)B) * Fnorm
ee nterak/chkprt. f

259



NUIMDUB= 95 NUMAXG= 100

.+++COMPUTATION SPACE+++

THE OBJECT(S) APPEAR TO LIE BETWEEN Z = 1 18

THE COMP GRID WILL BE SHIFTED BY ONE UNIT IN THE X OR Y DIRECTIONS
EVERY IDELX OR IDELY UNITS OF Z

IDELX = 200 IDELY = 200

SO THE COMP GRID NOW HAS THE FOLLOWING FEATURES:
THE X AND Y GRID GROWTH REQUIRED TO FIT THE OBJECT GRID IN THE DISPLACED
COMP GRID IS:

NXGRTH = 0 NYGRTH 0
CONSIDERING THE ADD-ONS THE NEW COMP GRID DIMEN3:IONS ARE:

NX = 50 NY= 59 NZ = 75

WELCOME TO THE KEYWORD INPUT PORTION OF SHONTL. IF YOU NEED
HELP, TYPE (HELP). AND IF YOU WANT TO LEAVE THIS PROGRAM TYPE (ESC).

SHONTL command >> plots on
plots on
SHONTL conmmand >> levels add -. 40393
levels add -. 40393

1 USER SELECTED CONTOUR LEVELS:
-4.04E-01

SHONTL command >> levels mark -. 40393 a
levels mark -. 40393 s
SHONTL command >> pot x
pot x

ZCLEVS, MIN= -1.34E+03 MAX= 2.OOE-03 LEVELS = 10
CONTOURS ARE:

-1.4000E+03 -- l.2000E+03 -l.0000E+03 -8.OOOOE+02
-6.OOOOE+02 -4.OOOOE+02 -2.OOOOE+02 -4.0393E-01
-2. 0000E-01 -2.OOOOE-02

SHONTL command >> pot y
pot y

ZCLEVS, MIN= -8.89E+02 MAX= 1.04E-03 LEVELS = 8
CONTOURS ARE:

-.i.0000E+03 -8.OOOOE+02 -6.OOOOE+02 -4.OOOOE+02
-2.OOOOE+02 -4.0393E-01 -2.OOOOE-01 -2.OOOOE-02

SHONTL command >> pot z
pot z

ZCLEVS, MIN= -1.41E+03 MAX= 1.71E-03 LEVELS = 11
CONTOURS ARE:

-i..6000E+03 -1.4000E+03 -1.2000E+03 -1.0000E+03
-8.0000E+02 -6.OOOOE+02 -4.OOOOE+02 -2.OOOOE+02
-4.0393E-01 -2.OOOOE-01 -2.OOOOE-02

SHONTL command >> exit
exit
[*EXIT POLAR PLOTTER, SHONTL*]
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C.1O A Multibody Problem-EMU Near the Shuttle

Execution of suchgr (fort.3) A Multibody Problem-Shuttle

The coiiiputer code suchgr was used to deterniine the elech'on current collected by the
shuttle orbiter.

Welcome to SUCHGR 1.3

Default material is TILE
Default environment is DMSP

SUCHGR command >> VEND -2625

SUCHGR command >> TABLE IV

Fluxes(A/m~**2) as functions of Surface Voltage(eV)

0.008+00 -1.29E-04 -1.36E-04 4.26E-06 2.18E-06 8.93E-07 0.008+00
-1.25E+02 5.57E-04 -1.56E-05 3.83E-06 24.13E-06 5.56B-04 1,04E-05
-2.50E+02 1.138-03 -1.54E-05 3.73E-06 2.10E-06 1.11E-03 2.93E-05
-3.75E+02 1.71E-03 -1.53E-05 3.66E-06 2.08E-06 1.67E-03 5.38E-05
-5.OOE+02 2.31E-03 -1.52E-05 1.61F--06 2.05E-06 2.22E-03 9.31E-05
-6.25E+02 2.97E-03 -.1.51E-05 3.57E-06 2.04E-06 -1.78E-03 2.04E-04
-7.50E+02 3.68E-03 -1.50E-05 3.53E-06 2.02E-06 3.33E-03 3.57E-04
-8.758+02 4. 43E-03 -1. 49E-05 3. 49E-06 2. 008-06 3 .89E-03 5. 48E-04
-1.008+03 5.21E-03 -1.48E-05 3.46E-06 1.98E-06 4,45E-03 7.75E-04
-1.12E+03 6.02E-03 -1.47E-05 3.43E-06 1,97E-06 5.008-03 1.03E-03
-1.258+03 6.87E-03 -1.46E-05 3.40E-06 1.95E-06 5.56E-03 1.32E-03
-1.38E+03 7.74E-03 -1.45E-05 3.38E-06 1,94E-06 6,11E-03 1.64E-03
-1.50E+03 8.648-03 -1.44E-05 3.35E-06 1.92E-06 6,67E-03 1.98E-03
-1.62E+03 9.56E-03 -1.43E-05 3.33E-06 1.91E-06 7.22E-03 2.34E-03
-1.75E+03 1.05E-02 -1.42E-05 3.30E-06 1.898-06 7.78E-03 2.73E-03
-1.88E+03 1.15E-02 -1.41E~-05 3.28E-06 1.88E-06 8.33E-03 3.14E-03
-2.008+03 1.25E-02 -1.40E-05 3.26E-06 1.86E-06 8.89E-03 3.57E-03
-2.12E+03 1.35E-02 -1.39E-05 3.23E-06 1.85E-06 9.45E-03 4.02E-03
-2.258+03 1.45E-02 -1.38E-05 3.21E-06 1.84E-06 1.00E-02 4.49E-03
-2.38E+03 1.558-02 -1.38E-05 3.19E-06 1.82E-06 1.06E-02 4.98E-03
-2.50E+03 1.668-02 -1.37E-05 3.17E-06 1.81E-06 1.11E-02 5.48E-03

SUCHGR command - EXIT

To determine the ion current to the shuttle orbitor, vehicl and oterak were used. A
rough shuttle mnodel of the appropriate size and shape was created. The standard input and
object defintion files are given for the vehicl execution.

Standard Input For vehici Execution A Multibody Problem-Shuttle

nxyx 11 13 5
matplots yen
makoplot 2
plotdir 2 3 5
plotdi.r -2 -3 -5
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end

Object Definition File A Multibody Problem--Shuttle

comment This is a crude shuttle model with apprnximately the correct
comment surface area.
comment There is a small patch of teflon to model the EMU
comment White sputtered tile material
offset 0 0 0
tile
2 0.01 le-16 7 1.6 0.6 45.4 0.4
200 1.62 0.455 140 2e-5 le16 15 16
17 18 19 20
rectan
corner 2 2 2
deltas 8 2 2
surface +x tile
surface -x tile
surface +y tile
surface -y tile
surface +z tile
surface -z tile
endobj
rectan
corner 4 4 2
deltas 4 6 2
surface +x tile
surface -x tile
surface +z tile
surface -z tile
endobj
wedge
corner 4 4 2
face tile -1 1 0
length 2 2 2
surface +z tile
surface -z tile
endobj
wedge
corner 8 4 2
face tile 1 1 0
length 2 2 2
surface +z tile
surface -z tile
endobj
wedge
corner 6 10 2
face tile -1 1 0
length 2 2 2
surface +z tile
surface -z tile
endobj
wedge
corner 6 10 2
face tile 1 1 0
length 2 2 2
surface +z tile
surface -z tile
endabJ
patchr
corner 6 5 3
deltas 1 1 1

262



surface +z teflon
endobj
eandeat

Execution of nterak A Multibody Problem-Shuttle

The computer code nterak was used to evaluate the charging and current collected for
several different potentials. The standard input file for the - I kV case is shown here.

D31AULT
ISTART SM

comenat
comment Choose Physical Models to be used.

igical yes
sthwake on
*veprtcl on
thrmsprd on

comment
comment Redefine Algorithm parameters

mmxdtc 50
potcon 4

coemnt Define Computational Grid
DTSE 3.5
NZADUT 5
XSAD 5
NYADHT 5
NYADVM 5
NZADON 5
NZTAIL 12

comment define the plaesw environment
VNACN 0.0 0.0 8.0
RATIB 10.0
DBMS0 1.10
TM 0.2
P=2 6.025
TW02 8.023
GAUCO 4.004
SMUT 2.434
VZLTA 1.634
PONCO 3.0311
PALPIA 1.1
PCUTL 50.0
FC=8E 1.636

cooment set conductor potential
ComDV 1 -1000

comment Iterate on the analytical modules
LOOP 4 "WAON CURIUM
endrun

To examine the charging of the EMU, we use the POLAR codes. We use suchgr to
estimate the charging of each of the materials under orbit-limited collection. (The
runstream shown here was executed after the environment was defined using nterak.)

The suchgr Execution Runstream A Multibody Problem--EMU

Welcome to SUCHGR 1.3
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Default material is BTSP
Default environment is DHSP

SUCHGR command >> material teflon
Material is changed to TEFL

SUCHGR command >> charge

Charged under Orbit Limited Regime
Initial Final Units

Surface Potential O.OOOOE+00 -2.8538E+03 volts
Conductor Potential O.OOOOE+00 O.OOOOE+00 volts

Flux Breakdown:
Incident Electron Flux -1.7098E-05 -1.3417E-05 A/m**2
Electron Secondary Flux 3.9940E-06 2.4982E-06 A/m**2
Backscattered Electron Flux 2.1803E-06 1.7715E-06 A/m**2

Incident Ion Flux 9.3163E-09 5.8921E-06 A/m**2
Ion Secondary Flux 4.3398E-11 3.2477E-06 A/m**2

Photo Flux O.OOOOE+00 O.OOOOE+00 A/m**2
Conduction Flux O.OOOOE+00 O.OOOOE+00 A/m**2

Total Flux -1.0914E-05 -7.8621E-09 A/m**2

SUCHGR command >> material lexan
Material is changed to LEXA

SUCHGR command >> charge

Charged under Orbit Limited Regime
Initial Final Units

Surface Potential O.OOOOE+00 -3.2288E+03 volts

Conductor Potential O.OOOOE+00 O.OOOOE+00 volts

Flux Breakdown:
Incident Electron Flux -1.7098E-05 -1.3156E-05 A/m**2
Electron Secondary Flux 2.2811E-06 1.2143E-06 A/m**2
Backscattered Electron Flux 1.7080E-06 1.3400E-06 A/m**2

Incident Ion Flux 9.3163E-09 6.6651E-06 A/m**2
Ion Secondary Flux 4.3398E-11 4.0526E-06 A/m**2

Photo Flux O.OOOOE+00 O.OOOE+00 A/m**2
Conduction Flux O.OOOOE+00 O.OOOOE+00 A/m**2

Total Flux -1.3099E-05 1.1569E-07 A/m**2

SUCHGR command >> material alum
Material is changed to ALUM

SUCHGR command >> charge

Charged under Orbit Limited Regime
Initial Final Units

Surface Potential 0.0000E+00 -3.3538E+03 volts

Conductor Potential O.OOOOEO00 O.OOOOE+00 volts

Flux Breakdown:
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Incident Electron Flux -1.7098E-05 -1.3070E-05 A/m**2
Electron Secondary Flux 1.8093E-06 1.1619E-06 A/m**2
Backscattered Electron Flux 3.2424E-06 2.5997E-06 A/m**2

Incident Ion Flux 9.3163E-09 6.922BE-06 A/m**2
Ion Secondary Flux 2.3273E-11 2.3455E-06 A/m.**2

Photo Flux O.OOOOE+OO O.OOOOE+OO A/m**2
Conduction Flux O.OOOOE+OO O.OOOOE+OO A/m**2

Total Flux -1.2037E-05 -4.0196E-08 A/m**2

SUCHOR command - material kapton
Material is changed to KAPT

SUCHGR command - charge

Charged under Orbit Limited Regime
Initial Final Units

Surface Potential O.OOOOE+OO -.3.2298E+03 volts
Conductor Potential O.OOOOE+OO O.OOOOE+0O volts

Flux Breakdown:
Incident Electron Flux -1.7098E-05 -1.3156E-05 A/m**2
Electron Secondary Flux 2.2811E-06 1.2143E-06 A/m**2
Backscattered Electron Flux 1.7080E-06 1.3400E-06 A/m**2

Incident Ion Flux 9.3l63E-09 6.6651E-06 A/m**2
Ion Secondary Flux 4.3398E-11 4.0526E-06 A/m**2

Photo Flux 0.0000E+00 0.0000E+00 A/rn**2
Conduction PhuA 0.0000E+00 0.OOOOE+00 A/m**2

Total Flux -1.3099E-05 1.1569Ei-07 A/m'*2

SUCHOR coimmand >> material whiten
Material is changed to WHIT

SUCHGR commnand >> charge

Charged under Orbit Limited Regime

Initial Final Units

Surface Potential 0.00005.00 -3.2288E+03 volts
Conductor Potential 0.00005.00 0.00005.00 volts

Flux Breakdown;
Incident Electron Flux -1.7098K-05 -1.3156E-05 A/m**2
Electron Sec:ondary Flux 2.6074E-06 1.2395E-06 A/m**2
Rackqpvjttered Electron Flux 1.7080E-06 1.3400E-06 A/m**2

Incident Ion Flux 9.3163E-09 6.6651E-06 A/m**2
Ion Secondary Flux 4.3398K-il 4.0526E-06 A/m**2

Photo Flux 0.OOOOE.O0 0,0000E+00 A/m*'2
Conduction Flux 0.0000E+00 0.00005.00 A/m**2

Total Flux -1.2773E-05 1.40885-0? A/mk'2

SUCHOR commnand >> exit
Want to save a copy of the session?(YSS/NO) >> yes

Exit SUCHOR,
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Then we define the EMU object using vehicl.

vehicl Standard Input A Multibody Problem-EMU

axyz 17 17 33
natplots yes
makeplot 2
plotdir 2 3 5
plotdir -2 -3 -5
end

EMU Object Definition A Multibody Problem-EMU

Comment - Object Definition for EVA - Nan
comment defined for zmesh of 0.1 a
Comment - Material Definitions
Lexan
3.5 .01 1.1-16 5. l.a .2 71.48 .60
290 1.77 .455 140. .00002 1.2+16 10000. 2000.
17. 18. 19. 20.
ALUMZN
1. .001 -1. 13. .97 .3 153.7 .8
220. 1.76 .244 230. .00004 -1. 10000. 2000.
17. 18. 19. 20.
TXYLON
2. .01 1.1-16 7. 2.4 .3 45.37 .40
70 1.77 .455 140. .00002 1.3+16 10000. 2000.
17. 18. 19. 20.

3.5 .01 1.1-16 5. 1.6 .2 71.48 .60
290 1.77 .455 140. .00002 1.2416 10000. 2000.
17. 18. 19. 20.
WHITEI
3.5 .01 5.91-14 5. 2.1 .15 71.5 .60
312.1 1.77 .455 140. .00002 1.3+13 10000. 2000.
17. 18. 19. 20.
Comment
Coent - Define trunk as two octagons
Octagon

Axis -2 -1 0 -2 -1 7
Width 3
Side 1
Surface * Teflon
surface - Teflon
Surface C Teflon

ndobj
Octagon

Axsi 1 -1 0 1 -1 7
Width 3
Side 1
Surface T Teflon
surfaoe - Teflon
Surface C Teflon
andobj

Rtetan
Corner -1 -2 0
Deltas 2 3 8
Surface +X Teflon
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Surface -x Teflon
Surface +Y Teflon
Surface -Y Teflon
Surface +z Teflon
Surface -Z Teflon
Zndobi

Octagon
Axis -3 -1 6 3 -1 6
Width 3
Side 1
Surface + Teflon
Surface - Teflon
Surface C Teflon
,ndobj

Rectan
Corner -3 -2 5
Deltas 6 3 2
Surface +x Teflon
Surface -x Teflon
Surface +Y Teflon
Surface -Y Teflon
Surface +Z Teflon
Surface -Z Teflon
Mndobj

Cosmant - Define legs
Octagon

hxis -2 -1 -7 -2 -1 0
Width 3
Sid* 1
Surface + Teflon
Surface - Teflon
Surface C Teflon
Bndobj

Octagon
Axis +l -l -7 +1 -1 0
Width 3
Side 1
Surface + Teflon
Surface - Teflon
Surface C Teflon
Rndobj

COInnt - Define feet
Octagon

Axis -2 0 -7 -2 0 -6
Width 3
side 1
Surface + Teflon
Surface - Teflon
surface C Teflon

Octagon
Axis +1 0 -7 +1 0 -6Width 3

Side 1
Surface + Teflon
surface - Teflon
Surface C Teflon

Rectan
Comer -2 -2 -7
Deltas I 1 1
surface +X Aluminum
Ourface -X Aluminum
Surface #Y Aluminum
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surface -Y Aluminum
Surface +Z Aluminum
Surface -Z aluminum
andobi

Rectan
Corner 1 -2 -7
Deltas 1 1 1
Surface +x Aluminum
Surface -X aluminum
Surface +Y Aluminum
Surface -Y Aluminum
Surface +a Aluminum
Surface -Z Aluamium
Endobi

comut - Define Read
Q9heere

Center 0 0 10
Diameter 4
Side 2
Naterial Tef lon
Undobi

Patchr
Corner -1 1 9
Deltas 2 1 2
Surface +T Laxan

Patchy

Corner-I1 9
Face Lwa -1 1 0
Leagth 11
RadobJ

Conwr -1 1 9
pace La"n 0 1 -1
Length a 1.
3adobj

Patchw
Corner -1 2 11
paceLamma 0 1 1
"LNgth a I 1

Comer 1 1 9
Pace•Lman I 10

Vace Lemm" I -1
Length 1.

tetrah
COtter -1 1 9
lpae Lemm -1 1 -2
Length I

Utelab
Cor•er I 1 11
Pace Lemma I I 1
Le"th 1

t'etzmh•

Corner -1 1 12.
f•"c Lmam-I 1 1
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Length~ 1
3-ob

Patohr
Coruo.r -1 0 11
Deltas 2 1 1
Surface .5 Whiten
Zndnbi

vatchr
Cornier -2 0 9
Deltas 1 1 2
Surface -1 Whliteni

Coriier 1 0 9
Deltas 1 1 2
Surface +X Whiten~
ftobj

1atcbv
Corter 1 0 11

Twoe whiten 1 0 1
Length 1 I I

Cormer -1 0 it
Face muteon -1 0 1
Length 1 I I
and j

.Comaft -Dfn ba~

Center -4 -2 6
Diameter 3
side I
1aterial feline

LVotes

Cormet -4 -2 S
Deltas 13 1
Surface *1 feflolk
Mauface -I "efloe
Ourtace -4 Vefloo

Cetr 3 4 4.
Diamotet 3

"eatas

Dolt"s 1 31
ftrface OT fteloft
Surface -1 vteflo

cost ame- eln

Conrse -S -1 2
*Dolt"s 21

Surface -x 'Mteafl
surface Al WeIlo

Cornet -4 -1 a
lace feEII4 -1 -1 0
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Length 1 14
surface -9 Teflon
adobj

Weft*
Corner -4 -1 2
Fac*e Tefllo 1 -1 0
Lenfth 1 1 4
surface -S Teflon

,sobj

Corner -4 0 2
Face Tefton -1 1 0
Lengt~h 1 1 4

Surface -1 Teflon
imdobj

"Oft*e
Cormer -4 0 2

Taeo Teflon I 1 0
Length 1 14

Srface* -. Yetalon

Com~r -1 2
Dolt" a 2 4

ufacsce *1 Tetion*
Surfeace- -teflon

Wedge
cot"ne 4 -1 a
Pace TeNflo -1 -1 0
Length 1 14
Surface -9 Telon

"COin4t 4 -1 3
Face tfloa 1 -1 0
Leeph 1 14Surface -a tle,.lon•"

Comet 4 0 a
fateflo 4- a 0Leng•th 1 14
mr•face -9 tTalon

Career 4 02

sce use #1 10of

Laagrh I 141

Skturae - ratelon

cove" toa

Caner -S2O 2
Surfce .i1 teflo
Surface,-g tefl lion

entrie -i fhl.o

Sect. ,..s'el.-
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Deltas 2 42
lutist. .1 Tef ion
surface -1 Tef lam
Surface *T Kapton.

* Srface -T Teflon
Surface *z eTiOM=
suarface -Z W1flo

Comsnt - Sands
* Rectan

Carner -5 4 2
Delta. 1 12
Surface 41 RAptOc
Surface -Z Yet ion
Surface '1 refion
Surface* -T teflon
Surface *1 Teflion
surface -t "cflan

Carner 4 4 2
Deltas I I a
Surface *2 1eflon
Surface -R apa
Surface Ow Teflont
ftitface - "t-f100
Surface *,A teflo
Surface -I "flon

tainMt - Uackpac (Ma8)

Sectae

Serf ace -R 1eflo"

Cagiaesat - e2 I

Aw ace viatefok

"Satiate4 A2 titefto

wfsurae'ttfo

arlae W44 Le ks.

vaitw efo -W. 0 1t



Corner -a -3 a
Veto Teflon 0 3 1
Length 4 1 1

Corner -2 -3.a
Fete TefOM -1 1 1
Length I

Tftlrb
Ta -) 8

Veto votion I I I
tength I

testm -

'acteD

Dolts* 3 1 4
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uxits 1
maxitc 50
potcon 4
deltat 0.01

comment Define Computational Grid
DXXE8E .1
NZADW 25
uuM 25
YNTAm 25

NYADUN 25
NZADOW 17
HZTAIL 17

colmnt define the plasll enwironamat
VEACH 0.0 0.0 0.001
JtATYz 10.0
DWIS 2.2e7
?UP 4.5
OmW2 6.035
TUIP2 8.0@3
GAUCO 4.064
ZNAVT 2.4Z4
DZLTA 1.634
POWCO 3.0211
PALIPA 1.1
PCUTL 50.0
PCVTE 1.636

coment set conductor potential
COmm) 1 -10

comment Iterate on the analytical nodules

CHARGE
endrun

nterak Standard Input For First Continuation A Multibody Problem-EMU

ISTART cont
""AT

DRLTT 0.01

LOOP 5 PUASOII CHUAGS
DRiTAV 0.02
LOOP 5 ManOn CKHARG

nterak Standard Input For Second Continuation A Multibody Problem-EMIJ

ISTART cont
011WAT 0.05
LOOP 5 PWUAOU CHARGR
DSLTAT 0.10
LOOP 5 "=A8OR CHARGS

nterak Standard Input For Third Continuation A Multibody Problem--,MIl

ISTYAT cont
DOLTAl 0.20
LOOP 5 MPWAON CHARGE
ULTAT 0.50
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LOOP 5 FWmSM CAIqGz

nterak Standard Input For Fourth Continuation A Multibody Problem-EMU

ISTART cont
IJTAT 1

LOOP 5 INIoI CEaDGI
DLTAT 2
LOOP 5 PIa" cam=

We examine the results using trmtlk.

trintik Interactive Runstream A Multibody Problem-EMU

Welcome to POLAR 1.3 TRMTLK ...

Any AID may be called fr, n any MODULE

MODULES AIDS

HISTORY AGAIN
LATEST HELP
SINGLE LOCATION #
SPECIAL OUTLINE

SUBSET
EXIT
SUBSET [GROUP NAME]

Enter any MODULEAID name or 'HELP' for help >> latest

LATEST command &r MODE set >> tnagnituf
MODE RESET

LATEST command or MODE rpt - subset teflon
DEFtNITION OF NE14 SUB;E':" NAMED TEFL

551 REMAINING IN GROU3P

SUBSET command please - matt teflon
511 REMAINI!NG IN GROUP

SUBSET command please - done
GROUP TEFL WITH 511 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'LATE'

LATEST command or MODE set >> subset eI
DEFItUTION OF NEW SUBRSET NAMED LEXA

551 REMAINING IN GROUP

SUBSET command please ,. ati lean
16 REHAINING IN UROUP

SUBSET command pleoor- .. , done
-,ROUP LEXA WITH 16 MEMBERS IS NOW DEFINED
RETURNING TO MODUL, 'LATE'

LATEST command .. r M,.'E .,t - subset whiten
;ý:KFINITIUN OF NEW .;JP:'FT NAMED WHIT
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551 REMAINING IN GROUP

SUBSET command please >> matl whiten
8 REMAINING IN GROUP

SUBSET command please >> done
GROUP WHIT WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'LATE*

YATEST command or MODE set >> subset kapton
DEFINITION OF NEW SUBSET NAMED VAPT

551 REMAINING IN GROUP

SUBSET command please >> natl kapton
8 REMAINING IN GROUP

SUBSET comrind please >> dowe
GROUP KAPT WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE -LATE-

LATEST command or MODE set >> group teflon
POTL IN VOLTS FOR POLAR CYCLE 42 ... TIME 3.26E+01 SEC

161-3.45E+03 160-3.45E+03 159-3.45E÷03 158-3.45E.0? 538-3.45E+03
157-3.45E÷03 156-3.459+03 535-3.45E+03 155-3.45E+03 154-3.45E+03
153-3.45E÷03 28--3.45E÷03 524-3.45E+03 523-3.45E÷01 27-3.45E+03
150-3.45E÷03 149-3.45E+03 70-3.45E+03 512-3.45E÷03 511-3.45E+03
510-3.45E÷03 .509-3.45E-503 508-3.45E+03 507-3.45E+03 69-3.45E+03
146-3.45E403 500-3.45E+03 499-3.45E+03 145-3.45E403 497-3.45E+03
144-3.45E503 495-3.45E+03 494-3.45E+03 493-3.45E503 492-3.45E+03
143-3.45E+03 490-3.45E+03 142-3.45E+03 488-3.45E503 487-3.45E+03
486-3.45E+03 485-3.45E÷03 141-3.45E+03 68-3.45E÷03 67-3.45E÷03
138-3.45E+03 4R0-3.45E+03 479-3.45E+03 66-3.45E+03 136-3.45E+03
476-3.45E÷03 475-3.45E+03 474-3.45E+03 473-3.45E+03 472-3.4 Z+03
471-3.45E503 65-3.45E+03 467-3.45E÷03 134-3.45E÷03 465-3.45E+03
133-3.45E+03 64-3.45E+03 462-3.45E+03 63-3.45E+01 460-3.45E+03
130-3.45E503 62-3.45E+03 128-3.45E+03 456-3.45E'03 61-3.45E+03
126-3.45E+03 453-3.45E+03 125-3.45E+03 124-3.45E.03 450-3.45E.03
449-3.45E+03 123-3.45E+03 447-3.45E÷03 446-3.45E.03 26-3.45E+03
444-3.45E+03 59-3.45E+03 442-3.45E+03 25-3.45E+03 440-3.45E+03
439-3.45E+03 438-3.45E+03 437-3.45E+03 436.-3.45E+03 435-3.45E÷03
434-3.45E÷03 433-3.45E+03 432-3.45E+03 431-3.45E*03 430-3.45E÷03

57-3.45E+03 118-3.45E+03 427-3,45E+03 426-3.45E÷03 117-3.45E+03
424-3.45E+03 423-3.45E+03 422-3.45E+03 24-3.45E÷03 420-3.45E÷03
419-3.45E503 55-.3.45E+03 23-3.45E503 416-3.45E÷03 415-3.45E÷03

53-3.45E+03 112-3.45E+03 412-3.45E÷01 411-3.45E+03 410-3.45E+03
409-3.45E+03 408-3.45E+03 407-3.45E+03 406-3.45E+..3 405-2.45E503
404-3.45E+03 403-3.45E+03 402-3.45E+03 401-3.45E+03 400-3.45E+03
399-3.45E.03 111-3.45E+03 396-3.45E503 395-3.45E.03 394-3.45E503
110-3.45E503 392-3.45E+03 391-3.45E+03 1093-345E*03 52-3.45E503
388-3.45E÷03 187-3.45E+03 5i-3.45E+03 22-J.45E÷03 384-3.45E+03
383-3.45E.03 382-3.45E.03 381-1.45E503 380-3.45E.03 379-3.45E503
378-3.45E+03 377-3.45E+03 376-3.45F,-03 375-3.45E.03 374-3,45E+03
373-3.45E503 372-3.45E+03 J71 1.4'iE+03 370-3.45E.03 369-3.45E503
368-3.45E÷03 367-3,45E+03 166 3.4SE*03 365-.3.45E40i 364-3.45E503
363-3.45E÷03 362-3.45E+03 2s j.45E.03 360-3.45E+'3 359-3.45E503
358-3.45E+03 357-3.45E-03 356 1.45E+03 355-3-45E401 154-3.45E+03
353-3.45E.03 104-3.45F03 351 3.45E503 103-3.459+0s 349 3,45E+03
348-3.458+03 203..45.E03 46-3.45E÷03 19-3.45E+03 344-3.45E.03

18-3.45E503 142 i.45E03 1441.1.44.÷03 1
7

-3. 45E(j 339-1.45E503
338.-3.45E.03 •37-S.45E+03 94 i.45E÷03 97-3.45E.0s 334-3.45E403
96-3.45H403 .32.3.45E+01 IS1 1.45E+01 95-3.45E+.0 329-3.45E503

328-3.45E÷03 44-3.45E01 326 10 455E03 43.3 45E*1 324-3.45E.03
323-3.45E+03 122-3.45E.0i 321-1.4')E,03 320 3,45EF0U i193 .45E5 03
318"3.45E+01 117-3.45E.03 f16 1 41,E*03 315-.458I01 i 14-3.45.E03
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313-3.45E+03 312-3.45E+03 307-3.45E+03 306-3.45E+03 305-3.45E+03
304-3.45E+03 303-3.45E+03 302-3.45E+03 301-3.45E+03 300-3.45E+03
299-3.45E403 298-3.45E+03 297-3.45E+03 296-3.45E+03 295-3.45E+03
294-3.45E+03 293-3.45E+03 292-3.45E+03 291-3.45E+03 290-3.45E+03
289-3.45E+03 288-3.45E+03 287-3.45E+03 16-3.45E+03 15-3.45E+03
284-3.45E+03 283-3.45E+03 282-3.45E+03 281-3.45E+03 90-3.45E+03

89-3.45E+03 8-3.45E+03 277-3.45E+03 13-3.45E+03 275-3.45E+03
38-.3.45E+03 37-3.45E+03 272-3.45E+03 271-3.45E+03 270-3.45E+03

269-3.45E+03 268-3.45E+03 267-3.45E+03 266-3.45E+03 265-3.45E+03
264-3.45E+03 263-3.45E+03 262-3.45E+03 261-3.45E+03 260-3.45E+03
255-3.45E+03 254-3.45E+03 253-3.45E+03 252-3.45E+03 251-3.45i3+03
250-3.45E+03 249-3.45E+03 248-3.45E+03 247-3.45E+03 246-3.45E+03
245-3.45E+03 244-3.45E+03 243-3.45E+03 242-3.45E+03 241-3.45E+03
240-3.45E+03 239-3.45E+03 238-3.45E+03 237-3.45E+03 236-3.45E+03
235-3.45E+03 234-3.45E+03 233-3.45E+03 84-3.45E+03 83-3.45E+03
230-3.45E+03 229-3.45E+03 228-3.45E+03 227-3.45E+03 82-3.45E+03

81-3.45E+03 36-3.45E+03 223-3.45E+03 35-3.45E+03 221-3.45E+03
12-3.45E+03 11-3.45E+03 218-3.45E+03 217-3.45E+03 216-3.45E+03

215-3.45E+03 214-3.45E+03 213-3.45E+03 212-3.45E+03 211-3.45E+03
210-3.45E+03 209-3.45E+03 208-3.45E+03 207-3.45E+03 206-3.45E+03
205-3.45E+u3 204-3.45E+03 203-3.45E+03 202-3.45E+03 201-3.45E+03
200-3.45E+03 199-3.45E+03 198-3.45E+03 197-3.45E+03 196-3.45E+03
195-3.45E+03 194-3.45E+03 193-3.45E+03 192-3.45E+03 191-3.45E+03
190-3.45E+03 189-3.45E+03 76-3.45E+03 75-3.45E+03 186-3.45E+03
185-3.45E+03 184-3.45E+03 183-3.45E+03 182-3.45E+03 181-3.45E+03
180-3.45E+03 179-3.45E+03 178-3.45E+03 177-3.45E+03 10-3.45E+03

7-3.45E+03 174-3.45E+03 173-3.45E+03 172-3.45E+03 171-3.45E+03
170-3.45E+03 169-3.45E+03 168-3.45E+03 167-3.45E+03 166-3.45E+03
165-3.45E+03 164-3.45E+03 163-3.45E+03 162-3.45E+03 50-3.45E+03
49-3.45E+03 48-3.45E+03 47-3.45E+03 537-3.45E+03 536-3.45E+03
46-3.45E+03 45-3.45E+03 526-3.45E+03 525-3.45E+03 42-3.45E+03
41-3.45E+03 514-3.45E+03 513-3.45E+03 40-3.45E+03 39-3.45E+03

498-3.45E+03 496-3.45E+03 491-3.45E+03 489-3.45E+03 484-3.45E+03
483-3.45E+03 482-3.45E+03 481-3.45E+03 478-3.45E+03 477-3.45E+03

14-3.45E+03 466-3.45E+03 464-3,45E+03 463-3.45E+03 9-3.45E+03
459-3.45E+03 458-3.45E+03 457-3.45E+03 455-3.45E+03 454-3.45E+03
452-3.45E+03 451-3.45E+03 448-3.45E+03 445-3.45E+03 443-3.45E+03
441-3.45E+03 429-3.45E+03 428-3.45E+03 425-3.45E+03 421-3.45E+03
418-3.45E+03 417-3.45E+03 s!14-3.45E+03 413-3.45E+03 398-3.45E+03
393-3.45E+03 390-3.45E+03 389-3,45E+03 386-3.45E+03 385-3.45E+03
361-3.45E+03 352-3.45E+03 350-3,45E+03 347-3.45E+03 345-3.45E+03
343-3.45E+03 340-3.45E+03 336-3.45E+03 335-3.45E+03 333-3.458+03
330-3.45E+03 327-3.45E+03 325-3.45E+03 286-3.45E+03 285-3.45E+03
2R0-3.45E+03 279-3.45E+03 278-3.45E+03 276-3.45E+03 274-3.45E+03
273-3.45E+03 232-3.45E÷03 231-3.45E203 226-3.45E+03 225-3.45E+03
224-3.45E+03 222-3.45E÷03 220-3.45E201 219-3.45E+03 188-3.45E+03
187-3.45E÷03 176-3.45E+03 175-3.45F+03 152-3.45E+03 151-3.45E+03
148-3.45E+03 147-3.452E03 140-3.45E+03 139-3.45E+03 137-3.45E+03
135-3.45E+03 132 3.45E203 131-3.45E+03 129-3.45E+03 127-3.45E+03
122-3.45E+01 121-3.45F+03 120-3.45E%03 119-3.45E+03 116-3.45E+03
119-3.45E+03 114-3.4)F+03 113-3 45E401 108-3.45E+03 107-3.45E+03
V6-345E+03 105-3.445E÷.l 102-3.45E+03 101-3.45E+03 100-3.45E+03
99-3,45E+03 94-3.45E÷0. 93-.3 45E+03 92-3.45E+03 91-3.45E+03
88-3,45E÷03 97-3.45F+01 86-3.45E203 85-3.45E203 80-3.45E+03
79-3.45E+03 "18-3.45E+i0 77-3.45E+03 74-3.45E203 13-3.45E÷03
72-3.45E+03 71-3.45E+03 60-3.45E201 58-3.45E203 56-3.45E+03
54-3,45E+03 548-3.45E+03 547-.3.45E+03 540-3.45E+03 539-3,45E+03

528-3.453+03 527-3-45EF03 516-3.45E+03 515-3.45E+03 502-3.45E203
501-3.45E+03 469-3.45F+03 461-3.45E+03 34-3.45E+03 33-3.45E+03

32-3.45E+03 31-1.45E.01 6-3.45E+03 4-.45E+03 1.3.45E+03
I 3.45E*03 0 (0u02,00 0 0.00E+00 0 O.OOE+00 0 0,0()E+00

I.ATEF!'T couunand ''i MODFK st-~t -. group Iwm
P'ilTl, IN F'oL23 P-A. ',*AP CYCLE 42 ... TIME I 26E201 SEt'
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520-3,90E+03 545-3.90E+03 544-3.90E+03 519-3.90E+03 534-3.90E+03
533-3.90E+03 532-3.90R.03 531- 3.90E+03 522-1.90F-01 121 *3.90E+03
504-3.90E+03 505-i.90E+03 546-3.90E+03 543-3.901.+03 506-3.90E+03
503-3.90E+03 0 0,OOE+00 0 O.OOE+0O 0 0.00F,400 0 0.OOE+00

LATEST command or MODE set >> group whiten
POTL IN VOLTS FOR POLAR CYCLE 42 ... TIME = 3.26E+01 SEC
518-3.89E+03 517-3.89E+03 542-3.89E+03 541-3.89E4-03 550-3.89E+03
549-3.89E+03 530-3.89E+03 529-3.89E+03 0 0.00E+00 0 0.OOE+00

LATEST command or MODE set >> group kapton
P0TL IN VOLTS FOR POLAR CYCLE 42 ... TIME = 3.26E+01 SEC
311-3.90E+03 310-3.90E+03 309-3.90E+03 308-3.90E+03 259-3.90E+03
258-3.90E+03 257-3.90E+03 256-3.90E+03 0 0.00E400 0 0.OOE+00

LATEST command or MODE set >> history

HISTORY command or MODE set >> 161,520,518,311,-l

POTL in Volts

TIME 161 520 518 311 -1

#1 #2 #3 #4 #5 *6 #7
0.OE+00:-l.OOE+01-l.OOE+01-l.OOE+01-1.OOE+0l-l.OOE+01
2.OE-02:-l.32E+03-l.37E+03-l.39E+03-l.37E-'03-l.31E+03
4.OE-02:-2.30E+03-2.42E+03-2.44E+03-2.42E+03-2.30E403
6.OE-02:-2.85E+03-3.02E+03-3.04E+03-3.025+03-2.85E+03
8. OE-02: -3. 14E+03-3 .36E+03-3. 37E+03-3 .36E+03-3. 14E+03
1.OE-Ol:-3.29E+03-3.55E+03-3.56E+03-3.55E+03-3.30E+03
1.2E-01:-3.37E+03-3.66E+03-3.66E+03--3.66E+03-3.38E+03
1.6E-014: -3 .43E+03-3 .76E+03-3.77E+03-3.76E+03-3.44E+03
2.OE-01:-3.44E+03-3.82E+03-3.82E+03-3.82E+03-3.47E+03
2.4E-01:-3.458+0.3-3.85E+03-3.84E+03-3.85E+03-3.48E+03
2. 6E-01: -3. 45E+03-3 .86E+03-3 .85E+03-3.86E+03-3 .48E+03
2. 8E-01: -3. 45E+03-3 .86E+03-3. 86E+03-3 .86E+03-3 .4E+03
3.8E-01:-3.45E+03-3.89E+03-3.88E+03-3.89E+03-3.49E403
4.8E-01:-3.45E+03-3.90E+03-3.89E+03-3,90E+03-3.49E+03
5.3E-01:-3.45E+03-3.90E+03-3.89E+03-3.90E+03-3.50Etr)3
5.SE-01:-3.45E+03I-3.90E+03-3.90E+U1-3,90E+03-3.50E44i3
6.3E-01:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3,51E+Q$I
8.3E-01:-3.45E+03-.,.90E+03-3.9UE+03-3.90E+03-3.51E.(fl
1.OE.00:-3.45E+03-3.90E+03-3.9qFlE03-3.90E+03-3.52E+2)
1.2E+00:-3.45E+03-3.90E+03-3.90t.+03-3.90E+03-3.53E+03
1.4E+00:-3.45E+03-3.90E+03-3.90E+03-3.,90E403-3.54E.03
1.6E+00;-3.45Es03-3.9OE.03-3.90E+03-3.90E+03-3,55E+03
2.OE+00:-3.45E+03-3.90E+03-3.90E+03-3.90E.03-3.57E.03
2.4E+00:-3.45E+03-3,90E+03-3.90E+03-3.90E+03-3.5AE*03
2. 8E+00: -3. 45E+03-3 .90E+03-3 .90E+03-3 .90E+03-3 .59E.03
3 .2E+00: -3.45E.03-3.90E.03-3 .90E+03-3.90E+03-3.61E.03
3.6E+00:-3.45E+03-3.90E+03-3.90E.03-3.90E+03-3.62E.03
4.6E.00:-3.45E.03-3.9OE.03-3.90E+03-3.9OE+03-3.65E.03
5.6E.00:-3.45E+03-3.90E.03-3.90E+03-3.90E.03-3.67E.Q3I
6.6E.00:-3.45E+03-3.90E.03-3.9OE+t63-3.90E.03-3.69E.03
7.6E+00:-3.45E.03-3.90E.03-3.90E+03-3.90E.03.3.71E.+XS
8.6E+0O:-3.45E+03-3.90E+03-3.R9E.03-3.90E.03-3.73E.Os
1.iE,01:-3.45E.03-3.90Ee.03-3.89E+01-.3.90E+03-3.75EsU1
1.3E+01:-3.45E.03-3.90E403-3.89ER.033.90E.03-3.77Es0SJ
1.5E+OJ :3,.45IE+03-3.90E.03-3.89E+03 i.9aE40i-3.79R.0)
1.7E+01: -3 .45E+0 [-1.90E.03-3 .H9E*03 s.90E*03-3.80E+U1
l.9E.0lt1.-45E+0S-J.90E.0S-3.89E'0.03,90E.03-3.RlE+(bi
2.3E+01:-3.45E+03' 3,90E.01 3.89E+01I .9OE+03-i.82E#0.'
2. 7E.01:-3. 45E+03- $ 90E*0 3-3. 89I*OfI 90E+03 -3. H3F+1j
2.9E.02:-3.45E.0t-L.90E.03-iA.R9E.(fl 190E+0j 3,H.',i~
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3.1E+01:-3.45E+03-3.90E+03-3.89E+03-3.90E+03-3.83E+03
3.3E+O1:-3.45E+03-3.90E+03-3.89E+03-3.90E+03-3.83E+03

POTL versus TIME in Seconds
O .O E+005 ................................................................................

-1.OOE+03+ ................................................................................

5
3

-2.OOE+03+ ..............................................................................

5
4

5

-3.OOE+034 ..............................................................................

5
I
65
51111111 iIi •I .1 1 1 1 1 1. .I

5555
4 55555
4 5 5 5
4 55 .5 5 5
44 5 5 5 5 5 .5 5
.444444 4 4 4 4 4 .4 4 4 4 4 4 4 4 .4 4

4.OOE÷03 ..............................................................................
').OOE00 1.00+E01 2.00E401 1.00E+01 4,OOEiO

ilt:;T(RY commwtnd or MHOU ý.&t latest

LATEST command ot MODE :iet .. > field
MODE RESET

LATEST command or MOtE aot .a]ow

MODE RESET

lTEST .ocmmand a M,. .. group all
FIF0. IN VOLTSiMETEP P(,!, I-LAP CYC'LE 4L, TIME • * P'I *;*..'i
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23-2.17E+05 28-2.17E+05 29-2.04E+05 30-2.04P.+f)5 2-..92E+05
5-1.92E+05 549-1.76E+05 550-1.76E+05 1-1.75E4(' 6-1.75E•05

261-1.74E401 262-1.74E+05 471-1.74E+05 476-1.74E.05 -313-1.72E+05
314-1.72E+0' 7-1.71E+05 16-1.71E+05 43-1.59-+05 44--1.59E+05
255-1.54E+05 260-1.54E+05 307-1.52E+05 312-1.52E+05 207-1.50E+05
208-1.50E+05 541-1.49E+05 542-1.49E+05 529-1.46E+05 530-1.46E+05
371-1.46E+05 372-1.46E+05 259-1.45E+05 257-1.45E+05 311-1.43E+05
309-1.43E+05 544-1.42E+05 545-1.42E+05 25-1.39E+05 26-1.39E+05
37-1.36E+05 38-1.36E+05 39--1.36E+05 42-1.36E+05 533-1.35E+05

534-1.35E+05 35-1.29E+05 36-1.29E+05 24-1.27E+05 27-1.27E+05
543-1.27E+05 546-1.27E+05 531-1.26E+05 532-1.26E+05 61-1.21E+05

68-1.21E+05 258-1.20E+05 256-1.20E+05 17-1.19E+05 22-1.19E+05
31-1.18E+05 34-1.18E+05 517-1.17E+05 310-1.17E*05 308-1.17E+05

518-1.16E+05 415-1.13E+05 416-1.13E+05 397--1.12P.05 521-1.12E505
522-1.11+05 1"73-1.I0E+05 178 1.10E+05 8-1.08E#0'5 15-1.08E+05
209-1.08Ei05 214-1.08E+05 519-1.02E+05 520-1I01E+05 547-1.01E+05
548-1.01E+05 3-9.89E+04 4-9.89E+04 536-9.86E÷04 537-9.86E+04
472-9.70E+04 475-9.70E+04 454-9.67E+04 507-9.67E+04 510-9.67E+04
430-9.66E+04 435-9.66E+04 455-9.65E+04 470-9.48E+04 477-9.46E+04
478-9.46E+04 436-9.40E+04 437-9.39E+04 215-9.35E+04 216-9.35E+04
227-9,26E+04 228-9.26E+04 539-9.26E+04 540-9.26E+04 251-9.17E+04
254-9.17E+04 51-9.07E+04 52-9.07E+04 303-8.93E+04 306-8.92E+04
75-8.77E+04 76-8.77E+04 387-8.72E+04 388-8.72E+04 157-8.60E+04

162-8.60E+04 535-8.40E+04 538-8.39E+04 89-8.26E.04 90-8.26E+04
473-8.24E+04 474-8.24E+04 53-8.19E+04 59-8.19E#04 247-8.05E+04
250-8.05E+04 401-7.98E+04 406-7.98E+04 45-7.80E+04 46-7.80E+04
47-7.75E+04 50-7.75E+04 263-7.67E+04 268-7.67E+04 103-7.64E+04

104-7.64E+04 295-7.61E+04 302-7.61E+04 337-7.57E+04 338-7.56E+04
219-7.56E+04 226-7.56E+04 235-7.55E+04 246-7.55E+04 373-7.52E+04
378-7.52E+04 413-7.52E+04 414-7.52E+04 229-7.49E+04 234-7.49E+04
203-7.48E+04 206-7.48E+04 417-7.42E+04 69-7.42E+04 70-7.42E+04
315-7.41E+04 320-7.41E+04 418-7.39E+04 10-7.30E+04 13-7.30E+04
523-7.24E+04 524-7.24E+04 525-7.22E+04 526-7,22E+04 508-7.17E+04
509-7.17E+04 281-7.10E+04 504-7.IOE+04 282-7.10E+04 71-6.99E+04
74-6.99E+04 40-6.98E+04 41-6.98E÷04 407-6.97E+04 408-6.97E+04

210-6.94E+04 213-6.94E+04 456-6.93E+04 367-6.90E+04 370-6,89E+04
465-6.88E+04 117-6.88E+04 118 b.HRE+04 83-6.838404 84-6,83E+04
199-6.73E+04 202 6.73E+04 ',5"/-6727.E+04 289-6.725.04 294-6.72E+04
528-6.71E+04 505-6.71E+04 18--t.67E+04 21-6.67F.04 440-6,67E+04
453-6.67E+04 468-6.66E+04 479-6,63E+04 485-6.62E*04 493-6.59E+04
500-6.54E+04 179-6.47F+04 184-.6.47E+04 85-6.46E+04 88-6.46E+04
12-6.45E+04 11-6.45E+04 269-6.45E+04 270-6.45E+04 211-6,43E.04

212-6.43E+04 19-6.42E+04 20-6.42E+04 379-6.38E+04 380-6.38E+04
97-6.30E+04 98-6.30E+04 321-6.24E+04 322-6.24E+04 62-6.08E÷04
66-6.08+E04 205-6.06E+04 204-6.06E+04 99-5.98E+04 102-5.98E+04

191-5.94E+04 198-5.94E+04 283-5.92E+04 288-5.92E+04 9-5.90E.04
14-5.90E+04 273-5.86E+04 280-5.86E+04 503-5.82F+04 385-5.82E.04

386-5.82E.04 133-5.80E+04 134-5.80E+04 91-5.75S+04 94-5,75E.04
65-5.74E+04 64-5.74E+04 359-5.72E÷04 366-5.72E+04 77-5.71E+04
80-5.71E+04 111-5.65E+04 112-5.65E+04 185-5.63E.04 190-5.63E+04
32-5.62E+04 33-5.62E+04 95-5.62E.04 96-5.62E.04 174-5.59E÷04

177-5,59E+04 325-5.58E+04 336-5,58E+04 431-5.47E÷04 434-5.47E+04
506-5.43E+04 113-5.42E+04 116-5.42E+04 105-5.36E.04 108-5.369+04
109-5.33E+04 110-5,33E+04 457-5.32E+04 253-5.24E.04 252-5.23E÷04
369-5.19E+04 419-5.16E+04 464-5.15E+04 368-5.126.04 158-5.11E504
161-5.11E+04 432-5.10E+04 433-5.10+E04 81-5.07E+04 82-5.07E+04
426-5.01E+04 402-4.96E.04 405-4.969+04 389-4.93E.04 390-4,92E+04
264-4.88+E04 267-4.88÷+04 119-4.77E+04 122-4.775E04 123-4.76E.04
124-4.765+04 462 4.76E+04 174 4.'7E*04 377-4.731FO4 305-4.71E404
316-4.68E+04 319-4.68E*04 1;',*4.,E#dS04 132-4.635.04 $04-4.635Eu4
159-4.62E+04 160-4.62E504 429.4 61E#04 125 4,5AF*Q4 1264.458.E04
403-4.579+04 404-4.57E÷04 t19 4.SE704 151 4.5"75.04 4184 56E504
439-4.56E+04 266-4.53E+04 26L5 4 s•E+04 375-4.365.24 076-4.36E÷04
317-4,33E+04 1.3-4.33E.04 441 4 1'IF*04 452.4.A17i.04 149-4.07E.04
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150-4.07E+04 353-4.05E+04 358-4.04E+04 201-3.98E+04 200-3.98E+04
135-3.92E+04 140-3.92E+04 142-3.82E+04 141-3.82E+04 54-3.65E+04
60-3.65E+04 409-3.50E+04 411-3.50E+04 427-3.49E+04 513-3.36E+04

514-3.36E+04 217-3.35E+04 218-3.35E+04 147-3.33E+04 148-3.33E+04
400-3.32E+04 480-3.19E+04 486-3.19E+04 515-3.14E+04 163-3.14E+04
172-3.14E+04 516-3.11E+04 143-3.05E+04 146-3.05E+04 428-2.96E+04
425-2.86E+04 365-2.84E+04 298-2.79E+04 299-2.78E+04 399-2.78E+04
391-2.75E+04 360-2.74E+04 396-2.74E+04 156-2.73E+04 153-2.73E+04
152-2,71E+04 151-2.71E+04 340-2.70E+04 352-2.69E+04 49-2.68E+04
48-2,68E+04 381-2.62E+04 383-2.62E+04 197-2.59E+04 192-2.59E+04
63-2.52E+04 67-2.52E+04 249-2.48E+04 248-2.47E+04 511-2.45E+04

512-2.45E+04 297-. 44E+04 300-2.43E+04 72-2.43E+04 73-2.43E+04
364-2.41E+04 363-2.39E+04 86-2.25E+04 87-2.25E+04 155-2.25E+04
154-2.25E+04 144-2.22E+04 145-2.22E+04 393-2.21E+04 220-2.16E+04
225-2.16E+04 420-2.14E+04 481-2.07E+04 484-2.07E+04 398-2.07E+04
100-2.07E+04 101-2.07E+04 410-2.01E+04 412-2.01E+04 362-2.01E+04
494-1.92E+04 458-1.91E+04 499-1.91E+04 421-1.91E+04 271-1.88E+04
272-1.88E+04 128-1.86E+04 130-1.86E+04 301-1.84E+04 114-1.84E+04
115-1.84E+04 361-1.81E+04 395-1.80E+04 92-1.79E+04 93-1.79E+04
296-1.74E+04 106-1.73E+04 107-1.73E+04 323-1.71E+04 324-1.71E+04
181-1.71E+04 183-1.71E+04 196-1.70E+04 193-1.70E+04 189-1.69E+04
186-1.69E+04 382-1.69E+04 384-1.69E+04 138-1.68E+04 136-1.68E+04
326-1.68E+04 334-1.68E+04 442-1.63E+04 450-1.63E+04 120-1.56E+04
121-1.56E+04 78-1.55E+04 79-1.55E+04 195-1.51E+04 194-1.51E+04
467 1.50E+04 423-1.48E+04 463-1.47E+04 241-1.46E+04 239-1.46E+04
274-1.45E+04 279-1.45E+04 175-1.41E+04 176-1.41E+04 180-1.40E+04
182-1.40E+04 501-1.35E÷04 243-1.30E+04 237-1.29E+04 171-1.25E+04
165-1.25E÷04 327-1.23F+04 335-1.23E+04 188-1.18E+04 187-1.18E+04
164-1.18E+04 170-1.18E+04 349-1.18E+04 342-1.18E+04 469 1.17E+04
129-1.13E+04 131-1.13E+04 460 1.09E+04 357-1.09E+04 502-1.07E+04
221-1.04E+04 223-1.04E÷04 487-1.03E+04 492-1.03E+04 354-1.02E+04
424-1.01E+04 245-1.01E+04 236-1.00E+04 356-9.85E+03 139-9.74E+03
137-9.74E+03 166-9.70E÷03 168-9.70E+03 57-9.47E+03 55-9.47E+03
394-8.88E÷03 355-8.63E+03 482-8.57E÷03 483-8.57E÷03 169-8.48E+03
167-8.48E+03 291-8.38E+03 292-8.26E÷03 498-8.OOE+03 496-7.47E+03
443-7.42E+03 451-7.40E+03 56-7.26E+03 58-7.26E+03 244-6.50E+03
238-6.50E+03 242-6.45E+03 240-6.45E+03 461 5.36E+03 422-5-14E÷03
293-4.76E÷03 392-4.75E+03 344-4.70E+03 497-4.57E÷03 290.,4.14E+03
343-3.83E÷03 350- 3.83E03 275-3.58E+03 277-3.58E+03 346-3.55E+03
495-3.48E+03 233-3.35E+03 230-3.35E+03 489-3.32E÷03 491-3.32E+03
348-3.32E+03 341-3,00E÷03 466-2.95E÷03 329-2.54E+03 332-2,54E÷03
444-2.33E÷03 447-2.31E+03 232-2.06E+03 231-2.06E÷03 445-1.77E+03
448-1.76E.03 328-1.69E÷03 331-1.69E+03 459-1.67E+03 222-1.56E+03
224-1.56E+03 446-9.81.E02 449-9.81E÷02 287-7.91E÷02 345-7.23E+02
284-6.36E+02 488-4.91E÷02 490-4.91E÷02 286-3.27E÷02 285-3.16E.02
347-3,13E+02 330.1.26E+00 333-1.26E÷00 278-5.06E-01 276-5.06E-01
-1 0.00E+00 0 0,00E÷00 0 0.00E+00 0 0.00E+00 0 0.00+E00

LATEST command or MODE set - steels
MODE RESET

LATEST command or MODE net - grop all
;'rP.E IN VOLTS/METER FOR POLAR CYCLE 42 ... TIME a 3.26E÷01 SEC
107 3.88E+04 196 J.88*E04 195 3,881.04 194 1.881E04 191 388HE104
192 3.88.E04 191 1,kKK.04 190 3.88E*04 I19 I.88.E04 76i 1t,8tE04

75 3,881E04 186 3.ghg,04 185 3.88E104 5S8 3,88Ev04 184 3.88E*04
183 3.88E+04 5j5 I.R8HE04 182 3.88÷+04 181 3.88E+04 180 3.88E104
179 3.88E+04 178 J.R8RE04 177 3.88.E04 12 1,88.E04 11 J.88+E04
174 3.88E+04 173 3.RRE04 524 3.88+E04 523 3.881E04 172 ).88E,04
171 3.88+E04 170 3.R8E*04 169 3.88+E04 16R 3,88.E04 167 I.A88E04
166 ].88E*04 165 J. (E,04 164 1.88*E04 163 3.88*E04 512 I,8RE804
511 3,88.E04 510 1 $8E104 509 3.88*E04 509 J 88.E04 S07 1881E.04
I,2 3.88.E04 161 1 XA.'04 160 i.88E*04 159 I 8,04 Iý0 . t8lE04
157 $.88*E04 %00 s H8.04 499 3.RRIo04 156 1.88÷*04 417 .H1,104
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155 3.88E+04 495 3.88E+04 494 3.88E+04 493 3.88E+04 492 3.88E+04
154 3.88E+04 490 3.88E+04 153 3.88E+04 488 3.88E+04 487 3.88E+04
486 3.88E+04 485 3.88E+04 10 3.88E+04 7 3.88E+04 150 3.88E+04
149 3.88E+04 480 3.88E+04 479 3.88E+04 70 3.88E+04 69 3.88E+04
476 3.88E+04 475 3.88E+04 474 3.88E+04 473 3.88E÷04 472 3.88E+04
471 3.88E+04 146 3.88E+04 145 3.88E+04 144 3.88E+04 467 3.88E+04
143 3.88E+04 465 3.88E+04 142 3.88E+04 141 3.BRE+04 462 3.88E+04

68 3.88E+04 460 3.88E+04 67 3.88E+04 138 3.88E+04 66 3.88E+04
456 3.88E+04 136 3.88E+04 65 3.88E+04 453 3.88E+04 134 3.88E+04
133 3.88E+04 4V0 3.88E+04 449 3.88E+04 64 3.88E+04 447 3.88E+04
446 3.88E+04 63 3.88E+04 444 3.88E+04 130 3.88E+04 442 3.88E+04

62 3.88E+04 440 3.88E+04 439 3.88E+04 438 3.88E+04 437 3.88E+04
436 3,88E+04 435 3.88E+04 434 3.88E+04 433 3.8RE+04 432 3.88E+04
431 3.88E+04 430 3.88E+04 128 3.88E+04 61 3.88E+04 427 3.88E+04
426 3.88E+04 126 3.88E+04 424 3.88E+04 423 3.88E+04 422 3.88E+04
125 3,88E+04 420 3.88E+04 419 3.88E+04 124 3.88E•04 123 3.88E+04
416 3.88E+04 415 3.88Z+04 28 3.88E+04 59 3.88E+04 412 3.88E+04
411 3.88E+04 410 3.88E+04 409 3.88E+04 408 3.88E#04 407 3.88E+04
406 3.88E+04 405 3.88E+04 404 3.88E+04 403 3.89E+04 402 3.88E+04
401 3.88E+04 400 3.88E+04 399 3.88E+04 27 3.98E+04 57 3.88E+04
396 3.88E+04 395 3.88E+04 394 3.98E+04 118 3.88E+04 392 3.88E+04
391 3.88E+04 117 3.88E+04 26 3.88E+04 388 3.88E+04 387 3.88E+04

55 3.88E+04 25 3.88E+04 384 3.88E+04 383 3.88E+04 382 3.88E+04
381 3.88E+04 380 3.88E+04 379 3.89E+04 378 3.88E+04 377 3.88E+04
376 3.88E+04 375 3.88E+04 374 3.88E+04 373 3.88E+04 372 3.88E+04
371 3.88E+04 370 3.88E÷04 369 3.88E+04 368 3.R8E+04 367 3.88E+04
366 3.88E+04 365 3,88E+04 364 3.88E+04 363 3.88E+04 362 3.88E+04

53 3.88E+04 360 3.88E÷04 359 3.88E+04 358 3.8RE.04 357 3.88E÷04
356 3.88E+04 355 3.88E÷04 354 3.88E+04 353 3.88E+04 112 3.88E+04
351 3.88E+04 III 3,88E+04 349 3.R8E+04 348 3.88E+04 110 3.88E+04
346 3.88E+04 109 3.88E+04 344 3.88E+04 52 3.88E+04 342 3,88E+04
341 3.88E+04 51 3.88E÷04 339 3.88E+04 338 3.88E+04 337 3,88E+04

24 3.88E÷04 23 3.88E+04 334 3.88E+04 104 3 88.E04 332 3.88E+04
331 3.88E404 103 3.88E÷04 329 3.88E+04 328 3,88E+04 22 3.88E+04
326 3.88E+04 21 3.88E+04 324 3.88E÷04 323 3.88E*04 322 3.88E÷04
321 3.88E+04 320 3.88E÷04 319 3.88E÷04 318 3.88E+04 317 3.88E+04
316 3.88E+04 315 3.88E÷04 314 3.88E+04 313 3.88E+04 312 3.88E+04

20 3.889+04 19 3.88E÷04 98 3.88RE04 97 3.88E+04 307 3.88E÷04
306 3.88E÷04 305 3.88E+04 304 3.R8RE04 303 3.88FE04 302 3.88E÷04
301 3.88E+04 300 3.88E+04 299 3.88E+04 298 3.88E04 ý97 3.88E+04
296 3.88E+04 295 3.88E+04 294 3.R8E+04 293 3.HE.04 292 3.88E+04
291 3.88E404 290 3.88FE04 289 3.RHE.04 288 3.R8E.04 287 3.R8E.04

96 3.88E+04 95 3.88E+04 284 ).8RE+04 283 3.8RE÷04 282 3.88E+04
281 3.88.E04 44 ).RRE.04 43 3.88.E04 18 3.88E*04 277 3,88E+04

17 3.8RKE04 275 3.R8E*',4 90 3,8RE404 89 3.88E+04 272 3,8RE*04
271 3.88E+04 270 3.88E.U4 269 I.8ARE04 268 3.8RRE04 267 3.88E404
266 3 88R+04 265 3,8RE+04 264 sMRE*04 263 3.R8E.04 262 3.R8E*04
261 3,88E+04 260 3.88E+04 16 3.88E*04 15 3.8HEg04 38 3.88E*04

37 3.88E+04 255 i.R88i04 254 I4E#04 253 3.88RE04 252 iARE04
251 3.88ES04 250 1LRRE#04 249 J R8E04 248 J .8E.#4 247 3,R8E*04
246 3.88HE04 245 I.R88*04 244 1 HHE.04 241 1 mK.t04 242 i8RR.04
241 ].RRE+04 240 S.R8E04 219 tARE+04 238 3 AkK6U4 237 3,$8E*04
236 3.R8E804 2W) |,88E04 214 i.814H'04 231 1.t9F*04 A4 ).H8RE04

83 3.88ER04 230 1.886.04 229 1 4RE*04 228 .ARKo04 227 I.ARE*04
82 3.RSE+04 81 ),A86.04 16 1.499#04 221 i,•.Q4 )s 3.886E04

221 3.88E.04 A I.88E#04 IJ 1.,AE.U4 21R 3.•.A*04 117 3.88E.04
216 3.88E*04 215 3.R88604 214 38)A4E04 211 I.8Rk*64 212 3.88E*04

S211 I1886.04 210 J,.8E*04 209 1 9HE*04 208 S,8RAE.:4 !0? 1.HH8E,04
206 J388E.04 W05 J.ARE604 204 1.84F.44 201 1 KF. 14 •'2 1.88*E04
201 3 88E.04 .!0)0 I.R38 04 199 1 946.04 194 I.RRE-'4 122 J.AR.04
121 1,886.04 1:!0s i.PAR.04 1119 1 8AE.04 116 1 44f III- I ARE*04
114 5886.04 Ili I 3886.04 MA 1 -9#0 107 1 otE. N 1'Th I 488.04
105 i.gAF*04 I Q.! 1,RR4.04 k~ I :MRoU4 5 M4 41 ,F. 4 .01 t QAF.04
100 1.890*o4 111) 188604 1A -W I~ di.ý. '4 lpI
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91 3.88E+04 88 3.88E+04 526 3.88E+04 525 3.88E+04 87 3.88E+04
86 3.88E+04 85 3.88E+04 80 3.88E+04 79 3.88E+04 78 3.88E+04
77 3.88E+04 74 3.88E+04 514 3.88E+04 513 3.88E+04 73 3.88E+04
72 3.88E+04 71 3.88E+04 60 3.88E+04 58 3.88E+04 56 3.88E+04

498 3.88E+04 496 3.88E+04 491 3.88E+04 489 3.88E+04 484 3.88E+04
483 3.88E+04 482 3.88E+04 481 3.88E+04 478 3.88E+04 477 3.88E+04

54 3.88E+04 50 3.88E+04 49 3.88E+04 466 3.88E+04 464 3.88E+04
463 3.88E+04 48 3.88E+04 459 3.88E+04 458 3.88E+04 457 3.88E+04
455 3.88E+04 454 3.88E+04 452 3.88E+04 451 3.88E+04 448 3.88E+04
445 3.88E+04 443 3.88E+04 441 3.88E+04 429 3.88E+04 428 3.88E+04
425 3.88E+04 421 3.88E+04 418 3.88E+04 417 3.88E+04 414 3.88E+04
413 3.88E+04 398 3.88E+04 47 3.88E+04 393 3.88E+04 390 3.88E+04
389 3.88E+04 386 3.88E+04 385 3.88E+04 361 3.88E+04 352 3.88E+04
350 3.88E+04 347 3.88E+04 345 3.88E+04 343 3.88E+04 340 3.88E+04
336 3.88E+04 335 3.88E+04 333 3.88E+04 330 3.88E+04 327 3.88E+04
325 3,88E+04 46 3.88E+04 45 3.88E+04 42 3.88E+04 41 3.88E+04
286 3.88E÷04 285 3.88E+04 280 3.88E+04 279 3.88E+04 278 3.88E+04
276 3.88E+04 274 3.88E+04 273 3.88E+04 40 3.88E+04 39 3.88E+04

14 3.88E+04 9 3.88E+04 232 3.88E+04 231 3.88E+04 226 3.88E+04
225 3.88E+04 224 3.88E+04 222 3.88E+04 220 3.88E+04 219 3.98E+04
188 3.88E+04 187 3.88E+04 176 3.88E+04 175 3,88E+04 152 3.88E+04
151 3.88E+04 148 3.88E+04 147 3.88E+04 140 3.88E+04 139 3.88E+04
137 3.88E+04 135 3.88E+04 132 3.88E+04 131 3.88E+04 129 3.88E+04
127 3.88E+04 515 3.88E.04 32 3.88E+04 461 3.88E+04 548 3.88E+04
547 3.88E+04 528 3.88E+04 527 3.88E÷04 31 3.8&E+04 34 3.RSE+04
502 3.88E+04 501 3.88E+04 540 3.88E+04 539 3,88E+04 33 3.88E+04
469 3.88E+04 516 3.88E+04 4 3.88E+04 3 3.88E+04 6 3.88E+04

I 3.88E÷04 503-6.80+E03 506-6.80E÷03 543-6.80E+03 546-6.80E+03
504-6,80+E03 505-6.80E#03 259-6.ROE80. 258-6.80+E03 257-6.80+E03
545-6.80E+03 544-6.805.03 256-6.80E+0i 311-6,80E+03 534-6.80E+03
533-6,80E+03 532-6.RDE•03 531-6.80E+01 310-6.80E÷03 309-6.80E+03
522-6.80.E03 521-6.ROE+03 520-6,80F.03 519-6.80E+03 308-6,80+E03
529-6.11+E03 550-6.11E*03 549-6.11E+03 510-6.11E+03 541-6.11E103
542-6.111E03 517-6.11E*03 518-6.11E+03 2 2.44E-01 470 2.44E-01
468 2.441-01 397 2.44E-01 30 2.441-01 29 2.44E-01 5 2.44E-01

-1 0.00E÷00 0 0.00E÷00 0 0.001÷00 0 0.008+00 0 0.00+E00

LATEST command ct MODE set > =xit

C.1 I Electron Trajectories

NASCAPIGEO codes were used to do the calculations shown in Section 5.6.

Termtuik Emfcutlw4-IXrect Efrects ot Charqgn

Termtalk was um.d to doeemin the ksurffa cell nunther of the cell with the detector.
The ourfae nomual and xisimtim limit couuuands of %uhevee were tsed to locate the cell.

CH4OOSE AN1 MODULE
HELP IS ALWAYS AVAtLAkILE TYPE 'HELP'

DEFINITION OF NVK SUbqET NAMED SA
497 RAEAINIW; IN (GPUIP
SUBSET INSTPIJCTI':N PLEA:*-K

*noxml I100
112 PEMAZNN IN C;Pi'AP
310j"ET INST14I.1'* 1. P1A.hA& 0
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>ylim -4 to -3
14 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>slim 0 to 1

* 1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>which
MEMBERS OF GROUP $A

402 0 (~ 0 0 0 C) 0 0 0
1 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>done
REMAINING MEMBER IS # 402
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP*

>single
SINGLE CON MAN D OR MODE SET ?
>402

SURFACE CELL NO. 402
CENTERED AT 1.0 -3.5 0.5
MATERIAL IS rvNPI

POTENTIAL a-E6.'J1E4O2 VOLTS
SING-LE ComO(AD OR MODE SET ?

Ncamp Standard Input-Dilrect Iffect.% of Charging

Nascap was then u,,cd to &det nnine the tmjecwiores or clearons nonnally inie~nt on
surface cell 402. The Inkltjtonies mA shown in Figure 58, The -iumdard input to Nawcap
follow...

Beim 20
of62
as 33
num 0.45?
oMw. 1 .1 -. 2

i$e.U 402

"kg 10

1W I

awi~

Pettus



detect
icell 402
energy 1000
dek 10
theta 0
phi 0
nstp 1300
no 1
Mn 1

finalv 10000
n 10
Prflux
vplprt

end
end

Chapter 5 also shows trujectories for the same spacecraft with all of the surfaces at
-65 1. the surface potential of the surface with the detector. The trajcctories were created
by Nascap with the following sandard input file.

zdOpt 5
delta 00.

onatimeaete
noyc 20
n; 2
as 33

mmeh 0.45?
Uadir 1 .1 -. a

enniuk 1.

em

Wood 1 452
ea

detect
icell 402
eno~ly 100
meh 16

thetae 0ski~ 0

lt 15WU
"tm I"s I

t inl WOWM
* 10

detect
icall, 402
emiy tWoo
dek 10

theta 4
phI 0
Oka$ 100

ee~l

n 10



pwflux

end
osd
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Appendix D

Discharge Equivalent Circuit Response

The equivalent circuit for the discharge test circuit given in Figure 63 of Chapter 6 i
shown in Figure 71.

S S
RC C LSC ýSI- c

V0 Obtect Under Test

--------------------------------- i
Pulse Genwalo

Adjustable Circuit Parameterm

V Adjustable charging voltage

R (Cl-irging reikllw

" ODrive cA', it•rt

I. Added inductance I'r wave .apino

R Added re.'i~tance •or wave %haping

C, Capacitive coupling between pul.e gen,.hra4 ;nd kt object

I. Nominal inductance ofteIt object

R Nominal re-itance of sk-.4 Pbjct

C (.apmcilance bemcen ie.t object and pul, •I,•neor rmwl

I Body current of tet object which is clhaiintm "uv for C.

RK ReiWaanme of return line to ground

% SpPA gap

I'm direct drie, C. and (' are •tnoved frown circuit

l-ylrl 71 General ciqwmcItl: dowha•h n• % mmt n%%kI

2K7



Note that the entire circuit has been reduced to a charged capacitor being discharged
into a series R', L', (and C.,1 for capacitive coupling) which are respectively the sum of
the individual elements shown in Figure 63. The basic equation for the current flowing on
this circuit as a function of time is:

(1.1(Y2V/ R' exp(-Tllw,,t)sin h w,,(1Ii - 1)I2 (60)
U

-=-R(C / L)" 1/ 2 (T', )",(61)
2

(t,, =(L'C)-"2 =1 / 2(_, / z,-',2  (62)

TI=2L'/R', (63)

r, =2R'C . (64)

R' is the sum of all resistances (except for R.), L' the sum of all inductances, and C the
charging capacitor in Figure 7 1.

For capacitive coupling, the circuit becomes a series R, L, C circuit and the appropriate
equations for the load current are:

(t)=,,C,•(w,,/w)exp(-tl/c,) cosh(o t+o),/(J)--r,' sin h(x+w, /(o, (65)

where

"R'2 Cc,. > I (overdamping), (66)

4L'

or

l(t) = c..v,,exp(-t / ,)(t /T (,. 67)

where

R' 2C N = I (critical damping), (68)

4 L'2

or

I(t)=VC. (a)", /)exp(-t /Tj,)[wcos(" +(, /w)-'T'I sin.((,x + (,k )]. (69)

where

.;Ckt < I (under damped) (70)
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In each case

- 3 = L'C (71)

I R. ' I )2°)=I• -4L.-2 (72-

2L' 2

"t, 2L' (73)
R'

and

0), 2/T1. (74)

The effective capacitance C.,, is
C +1 = C ±+ C1 + C-1. (75)

The effective resistance R' is equal to the sum of all the series resistances, while the
effective inductanace L' is equal to the sum of all the series inductances.
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Glossary

ABORC

Arbitrary Body of Revolution Code.

Absolute charging

The development of a potential of the spacecraft frame relative to the surrounding
space plasma.

Anomaly

An unexpected event, usually undesirable. Anomalies range from phantom commands
to instrument failure.

Aurora

The precipitation of charged particles in the auroral region that is often connected with
geomagnetic substormn activity.

Auroral region

An oval band around each geomagnetic pole, ranging from 75 degrees magnetic
latitude at local noon to about 67 degrees magnetic latitude at midnight, in which auroral
activity is generally most intense. It widens to both higher and lower latitudes during the
expansion phase of a magnetic substorm.

Backscattered electrons

An electron reflected from a materal surface with a substantial fraction of its incident
energy.

Blow-off discharge

A blow-off discharge is a vacuum discharge characterized by the ejection of current
(blow-off of charge) into space surrounding an electrode.
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Capacitive direct injection

Capacitive direct injection is a method of inducing a space vehicle response that
simulates that response to a blow-off discharge. The method involves injecting current
pulses at a given location on the space vehicle through a capacitor formed by a
conducting plate near the space vehicle conductive surfaces at the injection location. The
capacitive plate coupler allows the current to be distributed over a large area simulating
the return of blow-off currents.

Debye length

A distance that indicates the sphere of influence of a charged object in a thermal
plasma. It is given by the expression XjD = v0Pi~e where n is the density of the plasma
and 0 is the temperature.

Differential charging

The change in the potential of one part of the spacecraft with respect to another part of
the spacecraft.

DMSP

Defense Metctorological Satellite Program. Some of the DMSP spacecraft have carried
particle detectors that are able to measure charging events.

Direct injection excitation

Direct injection excitation is a global current injection method for simulating space
vehicle response to blow-off discharges. This method injects current pulses onto the
space vehicle over a given area. The injection is performed via a collection of wires that
fan ovt from a common connection at the injection drive point and to make direct contact
with the space vehicle over the area to be excited. The contact points that are uniformly
distributed over the excitation area are equal to the number of injection wires.

EMU

Extravehicular Mobility Unit-A space suit.

ESI)

Electrostatic discharge refers to any breakdown from those produced when people
contact metal objects after crossing a wool rug to high voltage breakdowns. Here we are
only concerned with discharges due to the surface charging of spacecraft.

EVA

Extravehicular Activity Asironauts in space suits outside the spacecraft.
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EUV

Extreme ultraviolet. The portion of the electromagnetic spectrum from approximately
1o0A to IOOOA in wavelength.

Faraday cage

An electromagnetically shielded enclosure.

Flash-over discharge

A flash-over discharge is a discharge characterized by a current path that travels along
a surface of the material (and sometimes around an edge) to close the path between the
electrodes.

Floating potential

The potential of an object in a plasma at which the incident electron current, emitted
electron currents, and the ion current to the object exactly balance. So no net current
flows to the object.

Geomagnetic coordinates
A system of spherical coordinates for Earth that is inclined about I I degrees from

Earth's rotational axis along the axis of Earth's approximately dipolar magnetic field.

Geosynchronous altitude
The altitude at which a spacecraft orbiting Earth has an orbital period of 23 hours and

56 minutes. This is approximately 6.6 Earth radii from Earth's center.

GEOS

A European Space Agency geostationary satellite.

GOES

Geostationary Operational Environmental Satellite. A series of geosynchronous
spacecraft designed to monitor weather and the near-Earth space environment operated
by NOAA (National Oceanic and Atmospheric Administration).

IEMCAP
Intrasystem Electromagnetic Compatibility Analysis Program.
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Kp index

A world-wide, 3-hour, dimensionless, quasi-logarithmic index ranging from 0 to 9 that
provides a measure of the level of disturbance of the geomagnetic field.

Magnetosphere

The region of the upper atmosphere surrounding Earth that extends out for tens of
thousands of kilometers and is dominated by Earth's magnetic field.

Matchg

MATerial CHarGing. A zero-dimensional computer code that computes the incident
currents and equilibrium surface potentials on a sphere coated with a specified material in
a specified environment. It is appropriate for evaluating charging in the laboratory tank
environment and at geosynchronous altitudes. It is distributed with the NASCAP/GEO
computer code.

MIP

Multibody Interactions in Plasma.

MLT

Magnetic local time.

NASCAP/GEO
NASA Charging An 'Iyzer Program for geosynchronous orbit. A set of computer codes

that models the charging of spacecraft surfaces in a geosynchronous plasma in three
dimensions. The NASCAP/GEO codes include Nascap, Termtalk, Contours, Matchg,
and PotColor. The codes allow for a 3-dimensional, finite element representation of a
spacecraft within a 16 x 16 x 32 grid. They use orbit-limited current collection algorithms
to compute the current incident to surfaces. including secondary electron emission.
hackscatter, and photoemission. Nascap calculates the 3-dimensional electric fields
around the object and includes their role in limiting the emission of low cnergy secondary
and photoelectrons.

NEC
Numerical Electroniagnetic Code.

Orbit-limited current collection

Collection of current by a biased probe from a surrounding plasma when the plasma
density is such that the potential has a range larger than the largest impact parameter mad
is sufficiently well behaved so that no arngular momentum barriers exist.
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Paschen breakdown

A self-sustaining arc through a neutral environment between two biasfed electrodes.
Electrons emitted from the cathode traversing the inter-electrode region produce ion-
electron pairs at a rate determined by the collision ionization cross-section, neutral
density, and the applied electric field. The ions return to the cathode and cause additional
electrons to be emitted from the cathode.

Paschen region

The range of pressures at which Paschen discharges occur. At higher pressures, it takes
a higher field to accelerate an electron to ionization energy within a mean free path. At
low pressures not enough ionizations occur to sustain a chain reaction.

Plasmasphere

A region of cool (low energy), dense plasma surrounding Earth. It may be considered
an extension of the ionosphere.

Photoelectrons

Electrons emitted from a surface due to incident. short-wavelength, electromagnetic
radiation.

POLAR

Potentials Of Large objects in (he Auroral Region. A fanmily of computer codes that
models the charging of spacecraft surfaces in an auroral environment in three dimensions.
The codes are vehicl, orient, nterak, shontl, and trmtlk. The -odes allow for a 3-
dimensional, finite element representation of a spacecraft. It can use either space-charge-
limited or orbit-limited current collection algorithms to compute the current incident to
surfaces. It includes secondary electron emission. backscatter, and photoemission.

Punch-through discharge

A punch-through discharge is a discharge through the bulk of i dielectric material. The
current path is through the bulk of the material, with surfaces on opposite sides of the
dielectric acting as electrodes.

SCATHA

The Spacecraft Charging AT High Altitudes program, which included the satellite
known ats SCATHA ot 1178-2. The SCATHA program was a joint Air Force/NASA
investigation whose objective was to provide the design criteria, materials. techniques.
test and analytical methods to ensure control of the absolute and differential charging of
spacecraft surfaces. The satellitc wa,; spin-slabihzed and was in a ncar-gcosynchronous.
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near-equatorial Earth orbit. It was launched in January 1979. It carried a variety of
instruments to measure surface potentials of different materials, discharge transients, and
the environment.

Secondary electrons

Low-energy electrons emitted from a surface from the collision of incident electrons or
ions with the surface. The ratio of secondary particles to incident particles can be greater
than unity.

SEMCAP
Specification and Electromagnetic Compatibility Program. Calculates the intrasystem

electromagnetic coupling within large systems.

Space-charge-limited current collection

Collection of current by a biased probe from a surrounding plasma when the plasma
density is such that the space charge of the attracted particles shields the attracting
potential and thus limits the range of the potential.

SPICE (and SPICE2 and ISPICE)

Computes the simultaneous solution of unlimited node circuit equations in either the
iime or frequency domain.

Stopping power

The rate of energy loss for an energetic particle passing through matter.

Substorm

A short term disturbance of Earth's magnetosphere lasting about I to 3 hours.

suchgr

SUrface CHarGeR. A zero-dimensional computer code that computes the incident
currents and equilibrium surface potentials on a sphere coated with a specified material in
a specified environment. It is appropriate for evaluating charging in thle auroral region. It
is distributed with the POIAR package of computer codes.

Wake

The ion depleted region of plasma behind a spacecraft moving at a speed higher than
the ion thermal speed.
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